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SECTION 9 


BLOCKING AND SHOCK-EXCITED 
OSCILLATOR CIRCUITS 


PART A. ELECTRON-TUBE CIRCUITS 
FREE-RUNNING PRF GENERATOR. 


APPLICATION. 

The free-running prf generator is a basic blocking os- 
cillator. It produces short-time-duration, large-amplituce 
pulses for use as timing, synchronizing, or trigget guises 
irefladar‘medulatoresandidisaliayindiastore, 


le cycle of oscil 
tion at thé beginning of each ouiserepetitic 


Puise-repetition time 1s determined primaniv by the 
RC time constant of the grid circuit. The pulse Barateg 
frequency is eaten fixed within the range of 200 tc 2000 
ses per second, altno ugh the circuit can be arranged to 
R-O time iors 


fixed pu, 


uencies. 
Tequency stability is 25 peiceui. 
Pulse width and rise time of the output pulse are de- 
termined primarily by the transformer characteristics. 
Output-pulse polarity is determined by the phasing of 
the transformer output-tertiary winding. With minor circuit 
changes, outout com aisn be taken tr 
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CIRCUIT ANALYSIS. 

General, The free-running AG Oscileces at 
yeneiator) is a specicl-type osciliator in that tne oserligt- 
or completes one cycle of operation to produce a pulse aad 


then becomes incetive felocked’ for « considerable gered 


ui time, whereupon tne cycle of operation to produce a 
pulse is repeated and the oscillutar again becomes inactive. 
This mode of operation continues, and thus produces a 
series of output puises which ore of sho 
separated by relatively long time interv 


ime duration, 
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Cirevit Operation. The dccompanying circuit schema- 
lc illustrates a triode electfon tube in 3 basic free-running 
circuit, Transiormer Tl provides the 

between the plate and grid of electron 


blocking oscillater 

necessary coupling be 
tube Vist 
the plate (primary) winding, te 
the arid (secondary) winding, and terminals 5 sn 
nect to the output (tertiary) 


ndinc. Conaciter 
GIGS 


resistor Rl form an R-C circuit to 
time constant in the grid circuit. 


™ 
pay 


On the circuit schematic. note the 
dots necy winding terminals F 


These dote are coed ta 


for example, if current flows through the plate wit ding and 
terminal i is neqcuve, the voltage induced in each of the 


tant of time, terminals 3 and 5 are eSthlie: 

For the discussion of circuit operation which follows, 

peed to the accompanying idlustration of the olccking os- 
itlator grid-signai, plate-signei, output-voltage wavetorm 
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through the plate winding (terminals 1 and 2) of transformer 
Tl. A magnetic field is set up about the plate winding and 
a voltage is induced (through transformer action) in the grid 
winding (terminals 3 and 4) of transformer Tl. Because of 
the phasing of the plate and grid windings, the voltage 
produced across the grid winding is impressed on the grid 

of the tube through coupling capacitor Ci with such 

polarity as to drive the grid in a positive direction. This 
results in an increase in the tube plate current, and the 
action ccntinues with the grid being driven further in the 
positive direction. When the grid is driven sufficiently 
positive, the tube begins to draw grid current and capacitor 
Cl begins to charge. Grid capacitor Cl is charged through 
the relatively iow internal cathode-to-grid resistance of the 
tube, causing the plate of capacitor Cl, which is attached to 
the grid of V1, to accumulate a surplus of electrons. At 

this time, however, the plate current has reached its satura 
tion value and fhe current through the plate winding of trans- 
former T1 can no longer increase (change); as a result, the 
voltage induced in the grid winding of the transformer can 

no longer increase (point a on grid-voltage waveform). As 

a further result, since no induced voltage appears in the grid 
winding, capacitor C1 starts to discharge through resistor 
Rl causing the grid potential of V1 to become slightly less 
positive. This causes the plate current in the plate winding 
to decrease slightly, accompanied by a decrease in the mag- 
netic field about the plate winding. As the magnetic field be- 
gins to collapse, a voltage is induced in the grid winding of 
a polarity opposite that originally produced; thus, the grid is 
driven in a negative direction. 

As the grid of V1 is driven negative, the plate current 
continues io decrease and the magnetic field about the 
plate winding collapses completely. This causes the grid 
to be driven still further in a negative direction until cut- 
off is reached (point b on waveform) at which time plate 
current no longer flows through transformer T1. 

The highly negative charge existing on capacitor Cl 
places the grid of V1 below cutoff (point ¢ on waveform}; 
then the capacitor slowly discharges through resistor R1 
and the grid winding of transformer Tl. Since the resist- 
ance of the grid winding is low compared to that of the 
tesistor, Rl, the resistor is the determining factor in the 
discharge time of capacitor Cl. Furthermore, since the re- 
sistance of Rl is large compared to the internal cathode- 
grid resistance of the tube when the grid of V1 is positive, 
resistor Rl does not affect the charging of capacitor Cl. 

After an elapsed period of time, as governed by the time 
constont of Rl and Cl, capacitor Cl discharges through re- 
sistor Rl to a point near cutoff (point d on waveform), where 
the grid voltage allows the tube to conduct. As plete cur- 
tent once again starts to flow through the plate winding of 
transformer Tl, the entire cycle of operation is repeated. 

The changing magnetic field produced about the plate 
winding of transformer Tl also induces a changing voltage 
in the tertiary or output winding (terminals 5 and 6). Thus, 
an output-voltage waveform is produced across the tertiary 
winding which is similar to the plate-voltage waveform of 
the blocking oscilletor. The pulse output can be of either 
polarity (with respect to ground) depending upon which ter- 
minal of the tertiary winding is grounded. As shown in the 


circuit schematic, terminal 6 of Tlis g 
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the initial output pulse is positive with respect to ground. 

If desired, limiting or clipping techniques can be applied 

to the output signal to reduce or eliminate the overshoot 
(amplitude extreme) in the output waveform. In some in- 
stances the desired signal may actually be the overshoot 

and is used to provide a trigger pulse which is delayed in 
time by the width of the initial pulse. 

The approximate time interval required for the capacitor 
voltage, Ec, to discharge from maximum to the cutoff value, 
Eco (point ¢ to point don the grid-voltage waveform), may 
be determined by use of the following formula: 


22.30 RC leg ES 
Eco 
Where: t = time interval to discharge to cutoff 
(seconds) 

E. = maximum voltage change across capacitor 

Eco = negative cutoff value for tube 

R = resistance of grid resistor (megohms) 

C = capacitance of grid-coupling capacitor 

ay) 

Since the pulse width of the blocking oscillator is us- 
ually small canpared with the capacitor discharge time, the 
pulse width may be neglected when approximating the 
natural operating frequency of the oscillator. The natural 
operating frequency (cycles), f., con be expressed as the 
reciprocal of capacitor discharge time; thus, the blocking- 
oscillator frequency may be approximated using the follow- 
ing formula: 

a 
foz i 

t 
Where: 1 = capacitor discharge time (seconds) 


The free-running blocking oscillator, with minor circuit 
changes, may be synchronized to an external trigger sig- 
nal by choosing volues of RI and C! so that the natural 
oscillating frequency of the blocking oscillator is slightly 
lower than the desired frequency. The synchronizing 
trigger signal, then, must be slightly above the natural 
oscillating frequency of the blocking oscillator. Under 
these conditions, when the tube is held below cutoff, the 
application of a positive synchronizing pulse will drive 
the tube into conduction somewhat ecrlier than the R-C 
time constnt would normally pemit. Thus, the oscillator 
will synchronize its frequency of operation with that of the 
trigger source and the repetition period of the blocking 
oscillator will be that of the trigger source. 

In a practical blocking-oscillator circuit, resistance 
Rl is usually made up of two resistors: a fixed resistance 
and a variable resistance connected in series. The variable 
resistance is then adjusted to provide operation at the de- 
sired pulse-repetition frequency. The operating frequency 
of the blocking oscillator can be changed by switching 
values of R, C, or both R and C, to alter the time constant. 
For example, a blocking oscillator designed to operate at 
600 pps can be changed to a lower frequency, such as 300 
pps, by switching a larger value of R, C, ot both, into the 
circuit to lower the pulse-repetition frequency. Another 
method of shifting the operating frequency of the blocking 
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oscillator, over a limited range, is to change the quiescent 
qtid voltage of the tube. This method is unaffected by lead 
resistance, stray capacitance, etc, and is well adapted to 
remote-control operation. 

Important factors affecting the frequency stability af 
the blocking oscillator are: the stability of grid resistor 
Rl and of capacitor Cl, the variation or changes in applied 
filament and plate voltages, and the changes occurring in 
the electron tube. The circuit is particularly sensitive to 
changes in filament voltage; a 19 percent decrease in 
filament voltage may change the oscillator frequency as 
much as 2 percent, while a 10 percent Nota SS in filament 
voltage may change the frequency sbout 1 percent. A 
change in plate voltage of 10 percent will change the 
frequency about t percent. 


FAILURE ANALYSIS. 

Mo Output. In a nonoscillating condition, negative 
arid voltage will nat he develoned: the measured plate 
voltage at the plate of Vi will be below normal because 
of the steady value of plate current flowing through the 
plote winding of transformer T1 (assuming the plate winding 
is not open). Capacitor Ci and resistor Fl directly affect 
the pulse timing; a shorted capacitor will cause oscillations 
to cease a prevent development of oscillator grid 
voltage, and an open resistor will prevent capacitor dis- 
charge. Sustained periodic oscillations of the blocking 
oscillator depend upon feedback obtained from transformer 
Tl as well as the action of capacitor Cl and resistor Rl. 
Therefore, any detect in the transformer, such as an open 
plate or grid winding or a number of shorted tums in either 
ot these windings, will prevent the circuit from operating. 

A shorted output winding or shorted load impedance mey 
also cause the circuit to stop oscillating, since the ter- 
tiary winding is coupled to the pjate and grid windings ot 
the transfcrmer. In this case, the impedance reflected to 
tne plate and grid windings may cause exces. 
which will prevent sustuined oscillations. Note that if tne 
tertiary winding should open, the circuit will cuntinue to 
operate; however, no output will be obtained from the ter- 
tary winding. 

Incorrect Frequency. The vaiue of oscillotor 
components should be within design tolerance in 
produce the aesired operating trequency; where an adjust- 
ment 1s provided, a small change in operating 
can be compensated for by adjustment of the variahle 
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pulse depends upon the transformer tums ratio between 
plate and grid windings and also upon the rate at which cur- 
Tent may rise in the windings as determined by their in- 
ductance. {A transformer with high step-up rauo and iow in- 
ductance telotively short-duration pulses.} 

The pulse width normally obtained is approximately equai 

to the time of one half cycle which would be produced at 
natural oscillating frequency if the relatively lorge 
grid-blocking capacitor C1 were not used in the circuit. 
Thus, a detect in the transformer, Tl, would be likely to 
cause a change in pulse width accompanied by unstabie or 
erratic output. 

instantaneous blocking-oscillator grid-to-cathode 


a ee? a 
is tne a 


voltage produced across the grid winding of transformer Tl. 
A tise in capaczter voltage cet 


should change value, the effect would be mote sesetiily 


noticed as ¢ change of frequency 
pulse width, 


ather thar. a change of 


TRIGGERED BLOCKING OSCILLATORS. 
niggered blo cking oscillators are used to produce 
large-amplitude pulses for triggering modulators, indicators, 
multivibrators, pulse-frequency dividers, or pulse shapers. 
Triggered a oscillators may have several cir- 
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B hye ine the method 
method of output cougling, 
Bloging. Triggered biocking oselilaiers can pe pro- 
Vided with grid bias trom a negative voitage source uti! 
ing a voltage divider, as shown by the simplified circuit in 
part A of the accompanying illustration, or with cathode 
DIGS obtained trum a positive voltage source utilizing a 
voltage divider, as shown in part B. As an alternative to 
the cothode-bias circuit shown in part B, the simpliied cir- 
cult shown in part C uses the cuthode current of another 
vabe 
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Blocking-Oscillator Biasing Methods 


Parallel triggering of a blocking oscillator results in a 
time delay between the application of the trigger pulse and 
the start of the blocking-oscillator pulse; however, there is 
very little reaction of the blocking oscillator upon the trig- 
get source. 

The simplified circuit shown in part D illustrates a 
common arrangement used to obtain series triggering of a 
blocking oscillator. The cathode follower supplies the 
trigger to the grid-retum circuit of the blocking oscillator 
(effectively in series with the grid-signal source). A var- 
iation of this circuit is given in part E, where the plate cir- 
cuit of a trigger-amplifier tube is capacitively coupled to 
the grid-tetum resistance of the blocking-oscillator tube, 

Series triggering of a blocking oscillator minimizes the 
time delay between the application of the trigger and the 
stert of the blocking-oscillator pulse; however, the heavy 
grid-current flow during operation pithe blocking oscillator 
generally reacts upon the trigger source. 

Output Coupling. Several methods are used to obtain 
the output pulse from the blocking oscillator. The simplified 
circuit shown in part A of the accompanying illustration 
uses a third (or tertiary) winding on the blocking-oscilletor 
transformer to supply the output. This method, which is 
perhaps the most commonly used, offers the advantage 
that either polarity of the initial pulse may be obtained 
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from the transformer, depending upon which terminal of the 
tertiary winding is grounded. Furthermore, the pulse- 
output circuit can be isolated from ground for special 

ng tequiring such isolation. This circuit con- 


extreme) of oppasite polarity immedistely toll 
desired initial pulse. The overshoot results trom the 
collapse of the magnetic field about the transtormer 
windings at the end of the initia! pulse and alter the tube 
is at cutoff; it can be almost completely elimincted, if 
desired, through the use of a demping-diode circuit. 
The circuit shown in part B produces a positive output 
se in the cathode circuit. When the cathode resistor nas 
re case, Uus utp 
coupling method provides a relatively iuw vuipet imgecance. 
The circuit shown in part © produces a negative output 
pulse. The output impedance of th i ti 


ul 


ch is usually 


sit i 


The circuit shown in part D also produces a negativ 
output pulse, across the series dropping resistor (Rij in the 
plate circuit. Except for polarity, this puise is similar 

to the cathode output pulse fer the circuit in part By how- 
aver, the output impedance of th i 
higher than that of the circuit in part B. 

The circuit shown in part £ produces 2 posi 
pulse in the cathode circuit of a cathode follower. A 
negative voltage (bias) is applied to the grids of the 
blocking oscillator and the direct!y-coupled cathode 
follower, The advantages of this output circuit are a 
low-impedance output, negative peak clipping by ihe ue 
of the cutoff cathode-follower stage, and practically no 
upon the blocking nscillator. 


cuit ip 
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PARALLEL-TRIGGERED BLOCKING OSCILLATOR. 
APPLICATION, 


The parallei-triggered blocking osciilster is used to 
produce short-time duration, large-amplitude pulses for 
use as synchronizing or trigger pulses in radar modu!aters 
and display indicators. 


CHARACTERISTICS. 

Output pulse is a singie cycle ot osciiistion causec 
ner-amplifier tube conduction which is, in tum, 
by a triqner pulse at the beginning of each 
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Output Coupling Methods 
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circuit (positive pulse) or from the plate circuit (negative 
pulse). 


CIRCUIT ANALYSIS. 

General. The parallel-triqgered blocking oscillator 
is similar to the free-running prf generctor except that its 
pulse-tepetition frequency is determined by a positive 
synchronizing trigget pulse which is applied to a trigger 
amplifier. The plates of the trigget-amplitier tube and the 
blocking-oscillator tube are in parallel and share a common 
plate winding of the blocking-oscillater transformer, ‘hen 
the trigger amplifier receives a pulse from an external 
source, it amplifies the pulse and causes current to flow 
in the plate winding of the transformer; thus, a cycle of 
oscillation is initiated. Upon completion of the pulse 
cycle, the circuit becomes inactive until the amplifier 
teceives another trigger pulse. Normal operation of the 
parallel-triggered blocking oscillator results in the 
generation of an output pulse each time a trigger pulse is 
applied to the trigger amplifier. 

Circuit Operation. The accompanying circuit schematic 
illustrates two triode electran tubes in « paralle!-triqgered 
blocking-oscillator circuit; one electron tude is the block- 
ing oscillator and the other is the trigger amplifier. 
Although the schematic illustrates two separate triodes, 
V1 and V2, a twin-triode is frequently used in this circuit. 

Transformer Tl provides the necessary coupling 
(inductive feedback) between plate and grid of electron 
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oscillator tube, V2. Capacitors C2 and C3 are the cathode 
bypass capacitors for Vi ond V2, respectively. Capacitor 
C4 and resistor R6 form an R-C circuit to determine the 
discharge time constant in the grid circuit of V2. 

Resistor R7 and capacitor C5 form a plate decoupling 
network. 

The output pulse from the blocking oscillator is 
taken from the tertiary winding (terminals 5 and 6) of 
transformer Tl. 

For the following discussion of circuit operation, refer 
to the accompanying illustration which shows the input 
trigger and blocking-oscillator plate-siqnal, grid-signal, 
and output-voltage waveforms. Bias voltage for the trigger 
amplifier, V1, is developed by cathode resistor R2 as a 
result of the d-c current through the series resistance of 
R2 ond R3, connected as a voltage divider between the 
supply voltage and ground; also, bias is developed for the 
blocking oscillator, V2, by cathode resistor R4, which is 
in series with resistor RS to form a similar voltage divider. 
The amount of bias developed by resistor R2 is sufficient 
to hold the grid of V1 near cutoff, whereas the bias 
developed by resistor R4 places the grid of V2 below 
cutoff. 

To start a single cycle of operation, a positive trigger 
pulse is applied to the input of trigger amplifier V1 across 
coupling capacitor Cl and grid-return resistor Rl. The 
trigger pulse developed across resistor Rl is applied to 
the grid of V1 ond amplified by the trigger amplifier. As 


PULSE 
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Parallel-Triggered Blocking Oscillator 


tube V2; terminals | ond 2 connect to the plate (primary) 
winding, which is common to both VL and V2, terminals 

3 and 4 connect to the grid (secondary) winding, and 
terminals 5 and 6 connect to the output (tertiary) winding. 
Capacitor Cl couples the input trigger pulse to the grid of 
V1; resistor Rl is the grid-teturn resistor for V1. 
Resistors R2 and R3 form a veltage divider to provide 
cathode bias for the trigger-amplifier tube, V1; larly, 
resi R4 und RS provide cathode bias for the blocking- 
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a result of the positive-going pulse on the grid of V1, the 
tube conducts and plate current flows through the plate 
winding (terminals 1 and 2) of the pulse transformer, Tl. 
The voltage at the plates of V1 and V2 starts to drop as 
the current of the triqger amplifier increases in the plate 
winding; the increasing current through the plate winding 
sets up a magnetic field about the winding, and a voltage 
is induced (through transformer action) in the gtid winding 


(terminals 3 and 4) of transformer Tl. Since the trigget 
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pulse is of short duration, the trigger amplifier returns to 

its initial condition at the end of the trigger pulse, and 

V1 ceases to conduct because of the cathode bias developed 
by resistor R2. The blocking-oscillator action which 
follows is similar to that occurs during one cycle 

of operation for the free-running (prf generator) blocking 
oscillator. 


When trigger-amplifier plate current 


the plate winding, a grid-signal voltage is produced 
across the grid winding and is impressed on the grid of 

V2 through coupling capacitor C4 to drive the grid of ¥2 

in a positive direction. (See grid-voltage waveform.) This 
causes the blocking-oscillator tube to start to conduct 
when the positive grid voltage exceeds the value of cathode 
Dido pitho roscnerative Gotion dicectock twill UeCdrS iG 
complete the cycle of operation is essentially the same as 
the action previously described for the free-running (prf 
generator) blocking oscillator. Near the end of the 

cycle of operation and after th trigger-amplifier 
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tube returns to cutoff, the grid of the blocki 

driven below cutoff as the result of the highly negative 

charye existing on capacitor C4. (See gtid-voltage wave- 

form.) Capacitor C4 siowiy discharges through resistor 

R6 and the grid winding of Tl. The time constant of RG 

and C4 is chosen so that the grid is held below cutofé for 
rans pa < 


xd of ime; ihus, the grid grad 


approaches the initial value nf hine, at which time the 


circuit is ready to be triggered to initiate another cycle 
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of operation. (The initial value of bias developed across 
Ré is sufficient to keep the blocking-oscillator tube at or 
below cutoff.) Under the conditions af operation described 
above, the blocking oscillator produces an output pulse 
each time 4 trigger pulse is applied to the input of the 
trigger amplifier, V1. The oucput pulse is deiayed slightly, 
but has the sume repetition frequency as the synchronizing 
trigger pulse. 

With minor modification to change the time constant 
of R6C4, the parallel-triggered blocking osciilator circuit 
may be used as a pulse~frequency divider to produce output 
pulses at a submultiple of the trigger~pulse frequency. 

The output pulse is taken from the tertiary winding 
{terminals 5 and 6) of transformer Tl in the same manner 


Hoc faanuig (oil yenei- 


The poralle!-triggered blocking oscillator is 
relatively insensitive to changes in fiament and viate 
supply voltages. A change in plate voltage ot 16 percent 
may reflect a change as great as 7 percent in pulse 
amplitude; however, there is little change in puise width ou 
tise time, 


FAILURE ANALYSIS. 

No Output. It is important to establish that the 
cathode bias voltage developed by each voltage divider 
(R2, R3, and R4, R5) is correct for the triqger-amplifier 
and blocking-oscillator tubes, V1 and V2. Since the 
trigger-amplifier and biocking-osciiiator tubes are normally 


Poca ate ae Se fe 
biased at & below cutoff 


that a trigger puise of correct polarity and amplitude is 
being supplied to the circuit. When the circuit is in a 
nonoscillating condition, assuming that the ois 
correct for both tubes, the voltage mecsured at the plutes 

€ V1 and V2 will approacn the value of tne supply 
voltage, provided that the plate winding of Tl and the 
decoupling filter (R? and C5) are not defective, Any defect 
in the plate or grid windings of transformer T! is lik 


as a result, the circuit wili not provide the proper output 
ulse or may not oscillate at all. 
If the tertiary winding of transformer Ti shou! 
pen, ihe CHL may sul: operate Dut nc cutpu 
obtained from the tertiary winding. 
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lo the faulty trigger. ‘lhe tzme constant of R6 and C4 m 
aliow the grid of VZ to return te the initial value of bias 
betore the biocking osciliator is triggered: otherwise, the 
blocking oscillator may not respond reliably to the amplified 
ulgger puise. Random pulsing 
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an operating cycle, the oscillator may attempt to become 
free-running because cf the lack of correct bias. Leaxage 
in capacitor C4 will cause a change in the H-C time constant 
of the blocking oscillator, and will result in an unstable 
output which is usually accomponied by a decrease in pulse 
amplitude. 

Low Output. Reduced plate-supply voltage will 
affect the amplitude (and perhaps the pulse width and rise 
time) of the output puise. Also, if shorted turns should 
develop in the tertiary winding of T! ot if a decrease in 
load impedance should occur, the pulse-output amplitude 
will be reduced not only because of the change in ioad 
impedance but also because cf the impedance reflectec 
into the plate and grid windings cf transformer Tl. If 
the load impedance should fall considerabiy below the 
norma! value for the circuit, an increase in time delay will 
occu: between the trigger pulse and the start of the 
output pulse; also, the rise time of the output pulse will 
increase and will be accompanied by a decrease in pulse 
amplitude. 


SERIES-TRIGGERED BLOCKING OSCILLATOR, 


APPLICATION. 

The series-triggeted blocking oscillator is used to 
produce short-time-duration, large-amplitude pulses 
for use os synchronizing ot trigger pulses in radar 
modulators and display indicators. 


CHARACTERISTICS. 

Output pulse is a single cycle of oscillation caused 
by tube conduction which is initiated by a synchroniz- 
ing trigger pulse at the beginning of each pulse-tepetition 
period, 

Pulse-repetition time is determined by an external 
positive-trigger source in conjunction with the R-C time 
constant of the grid circuit. The pulse-repetition, 
frequency is generally fixed within the range of 200 to 2000 
pulses per second, altnough the circuit con be arranged to 
change the R-C time constant and provide for operation at 
a submultiple of the triqger-pulse frequency; in this cose, 
the triggered blocking oscillator operates as a pulse- 
frequency divider. 

Requires a low-impedance trigger source; there is 
considerable reaction on the trigger source even if a 
cathode follower is used for triggering the circuit. 

Pulse width and rise time of the output puise are 
determined primarily by the transformer characteristics. 

Output-pulse polarity is determined by the phasing 
of the transformer cutput-tertiary winding. With minor 
circuit changes, the output can also be taken from the 
cathode circuit. 


CIRCUIT ANALYSIS. 

General. The series-triggeted blocking oscillator 
is similer to the free-running pri generato? except that 
its pulse-repetition frequency is determined by a positive 
synchronizing trigger pulse. When the oscillator is triggered 
by a pulse from an external source, it completes one cycle 
of operation to produce an output pulse and then becomes 
inactive; the cycle of operation is repeated upon application 
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of another trigger pulse. Normai operation of the series- 
triggered blocking oscillator results in the generation of 
ar output pulse each time a trigger pulse is applied to the 
Circuit. 

Circuit Operation. The accompanying circuit 
schematic illustrates o triode electron tube in a series- 
triggered blocking-cscillater circuit. Transformer T1 
provides the necessary coupling (inductive feedback) 
between the plate and grid of electron tube V1; terminals 
l and 2 connect to the plate (primary) winding, terminals 
3 and 4 connect to the grid (secondary) winding, and 
terminals 5 and 6 connect to the cutput (tertiary) winding. 
Capacitor Cl and resistor Rl, in conjunction with R4, 
form an R-C circuit to determine the dischorge time constant 
in the grid circuit. Resistors R2 and R3 form a voltage 
divider to provide cathode bias for the tube; the voltage 
developed across R2 is sufficient to bias the tube at or 
below cutoff. Capacitor C2 is a cathode bypass capacitor. 
The synchronizing trigger pulse is applied across 
resistor R4, which is effectively in series with the grid 
signal, The value of resistor R4 is generally iow; 
however as indicated previously, this resistance is a 
part of the total resistance wnicn determines the R-C time 
constant of the circuit. Resistor RS and capacitor C3 form a 
plate decoupling network. 

The output pulse from the blocking oscillator is 
taken from the tertiary winding (terminals 5 and A of 
transformer Ti. 
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Series-Triggered Blocking Oscillator 


For the brief discussion of circuit operation whicn 
follows, refer to the accompanying illustration which 
shows the blocking-osciliator-trigger, grid-signal, and 
output-voitage waveforms. 
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When voltage is first applied to the circuit, bias 
voltage for the tube is developed by cathode resistor 
R2 as a result of the d~c curtent through the series 
resistance of R2 and R3 connected between the supply 
voltage and ground. The amount of bias developed is 
sufficient to hoid the grid at or slightly below cutoff; 
thus, plate current does not flow at this time. 

To start a single cycle of operation, a positive 
trigger pulse is applied across resistor R4¢. This pulse 
is applied through the grid winding of transformer T] 
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Theoretical Trigger, Grid-Voltoge, and Output-Voltage 
Waveforms 


and capacitor Cl to the grid of V1, and raises the grid 
voltage above cutoff. (The positive-going trigger pulse 
must be of sufficient amplitude to drive the grid out of the 
cutoff region to initiate the cycle.) At this time the tube 
starts to conduct, and the regenerative action which occurs 
during the cycle of operation is essentially the same as the 
action previously described for the free-running (pri 
generator) blocking oscillator. Near the end of the cycle, 
when the grid is driven below cutoff and plate current no 
longer flows through the plate winding of TL, the highly 
negative charge existing on capacitor Cl slowly discharges 
thraugh resistors Rl and R4 and the grid winding of trans~ 
former Tl. Since the resistance of the grid winding is low 
in comparison with the combined resistance of Rl and Rd, 
it has little effect on the discharge time of capacitor C1. 
Fur the resistance of H4 is low compared to 

ibui ur A, Reet RL ee the predominant effect an the 


discharge time of capacitor C}. 
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After an elapsed period of time, as govemed by the 
time constant of RI, 4, and Cl, capacitor Cl discharges 
and allows the atid potential to reach a point near cutoff. 
When a positive trigger pulse is again applied across 
resistor R4, another cycle of operation is initiated. 
If it were not fo: periodic application of the 
ei pulse to resistor R4, the blocking 


positive tligg 
oscillator would remain cut off because of the value of 
cathode bias developed across cathode resistor R2. 
Under these conditions, each time a trigger pulse is 
applied to the circuit, a complete cycle of the block- 
ing oscillator produces on output pulse which is in 
synchronism with the trigger pulse and has the same 
Tepetiuon frequency. Fur syuchionization te occur, 

the values of R and C must be chosen so that the natural 
oscillating frequency of the blocking oscillator, in the 
absence of cathode bigs, is slightly lower than the 
repetition frequency of the synchronizing trigger pulse. 

The operating frequency of the triggered blocking 
oscillator can be conveniently changed to a submultiple 
of the trigger frequency by switching R-C values to alter 
the time constant. For example, an additional resistance 
could be switched into the circuit in series with resistor 
Rl to increase the R-C time constant. In this case, if 
the time constant were at least doubled, the oscillator 
would respond to every other trigger pulse and, therefore, 
the blocking-oscillator repetition frequency would be 
one-half that of the trigger source. 

‘The output pulse is taken from the tertiary winding 
(terminals 5 and 6) of transformer T] in the same manner 
as previously described for the free-running (prf generator) 
blocking-oscillator circuit. 

In a practical series-triqgered blocking-oscillator 
circuit, resistor Rd may actually be the cathode resistor 
for @ cathode-follower circuit. In this case, the trigger 
is applied to the grid of the coathode-follower electron 
tube, and resistor R4, across which the trigger pulse is 
developed, represents a low~impedance trigger source to 
the blocking-oscillator circuit. 

The seties-triggered blocking oscillator is relatively 
insensitive to changes in filament and plate-supply voltages, 
although a change in plate voltage of 10 percent may produce 
a change as great as 10 percent in pulse amplitude and may 
be accompanied by some change in pulse width. However, 
this effect is reduced to some extent by the change in the 
bias voltage developed across resistor R2 whenever the 
plate-supply voltage changes. 


FAILURE ANALYSIS. 

No Output. Since the oscillator is normally biased 
to cutoff, it is important that a trigger pulse of the correct 
polarity and amplitude be supplied to the oscillator circuit, 
When the circuit is in a nonoscillating condition, assuming 
that the developed cathode bias is normal, the voltage 
measured at the piate of Vi will approuch: the value of the 
supply voltage, provided that the plate winding of Tl and 
the decoupling filter (RS ¢ and C3) ore not defective. Agy 
defect é plate or grid windings of 
likely to prevent the proper regener 
from occurring; as a result, the circuit will not provide the 
proper output pulse or may not oscillate at all, If the 
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tettiary winding of transformer Ti should open, the circuit 
may still operate but no output will be obtained from the 
tertiary winding, 

Unstable Output. Whenever the output-pulse repetition 
tote of the blocking oscillator becomes unstable or erratic, 
the trigger pulse should first be checked to determine 
whether the fault lies within the trigger-generator circuit. 
Since the stability of the blocking oscillator is dependent 
upon the repetition-frequency and pulse-amplitude stability 
of the trigger source, it is entirely possible that on unstable 
trigger applied to the oscillator will cause the blocking 
oscillator to produce output pulses which are synchronized 
to the random triggering. Random pulsing of the blocking 
oscillator can also result if the fixed bias (derived from 
resistors R2.and R3) should be reduced and approach zero 
bias. In this case, although the trigger pulse will 
frequently initiate an operating cycle, the oscillator may 
attempt to become free-running because of the lack of 
correct bias. Leakage in capacitor Cl will cause a change 
in the R~C time constant of the blocking oscillator, and 


will result in an unstable output which is usually accompanied 


by a decrease in pulse amplitude. 

Low Outpur. Reduced plate-supply voltage will affect 
the amplitude (and perhaps pulse width) of the output 
pulse. Also, if shorted turns should develop in the 
tertiary winding or if a dectease in load impedance should 
occur, the output will be reduced not only because of the 
change in load impedance but also because of the 
impedance reflected into the plate and grid windings of 
transformer Tl. 


FAST-RECOVERY BLOCKING OSCILLATOR. 


APPLICATION. 

The fast-recovery block ing oscillator produces short- 
time-duration, large-amplitude pulses for use as timing, 
synchronizing, or trigger pulses in radar modulators and 
display indicators. 


CHARACTERISTICS. 

Output is a single pulse caused by tube conduction and 
initiated by a trigger pulse at the beginning of each pulse 
repetition period, 

Pulse repetition frequency is determined by an external 
trigger source. 

Pulse repetition period is much shorter in the fast- 
tecovery blocking oscillator than in other types of blocking 
oscillators. 

Pulse width and rise time are determined primarily by 
the transformer characteristics. 

Output pulse polarity is determined by the phasing of 
the transformer output (tertiary) winding. 


CIRCUIT ANALYSIS. 

General. The fast-recovery blocking oscillator is 
similar to other types of triggered blocking oscillators 
in that, when triggered, it supplies one output pulse and 
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then becomes inactive. In the normal triggered blocking 
oscillator, the grid voltage must be allowed to retum to a 
point near cutoff before the circuit is triggered again. 
This period of time, called recovery time, is normally 
much longer than the pulse width and limits the pulse 
repetition frequency. The fast-recovery blocking oscillator 
uses a number of methods to overcome the difficulty of 
long recovery time. 

Cireult Operation. The accompanying circuit schematic 
i}lustrates one type of fast-recovery blocking oscil- 
lator, With the exception of diode V2, it is identical to 
the SERIES-TRIGGERED BLOCKING OSCILLATOR 
discussed previously in this section of the Handbook. 


+Eop 


Fast-Recovery Blocking Oscillator 


Transformer Tl provides the necessary coupling (induc- 
tive feedback) between plate and grid of electron tube 

V1. Terminals 1 and 2 connect to the plate (primary) 
winding, terminals 3 and 4 connect to the grid (second- 
ary) winding, and terminals 5 and 6 connect to the output 
(tertiary) winding. Resistors Rl] and R2 form a voltage 
divider which provides cathode bias for triode V1. The 
voltage developed across cathode resistor R1 biases triode 
V1 to plate current cutoff, Capacitor Cl is the cathode 
bypass capacitor for triode V1, and resistor R3 is the grid 
teturn resistor, The positive triqger pulse is applied actoss 
resistor R4, which has a relatively low value of resistance, 
Grid capacitor C2 and resistors R3 and R4 normally de- 
termine the time constant of the grid circuit. However, 
when capacitor C2 discharges, diode V2 conducts, 
shunting grid resistor R3, and the discharge time for the 
circuit is greatly reduced. Resistor RS and capacitor C3 
form a conventional plate decoupling network. The output 
from the blocking oscillator is token from the tertiary 
winding (terminals 5 and 6) of transformer T1. 
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The following illustration shows the trigger-, grid-, 
plate-, and output-voltage waveforms in their proper time 
relationship. 
to ty 
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Trigger-, Grid-, Plate-, and Output-Voltage Waveforms 


When voltage is first applied ¢o the circuit, d-c current 
flows through voltage divider consisting of resistors Rl 
and H2. This current flow develops a bias voitage on 
the cathode of triode V1 which is sufficient to keep the 
tube biased to plate-current cutoff. Hence, no current 
flows in the plate circuit. 

When a positive trigger pulse is applied to resistor 
R4, it passes through the grid winding of transformer 
Ti and is applied to grid capacitor C2, The positive 
potential on the transformer side of capacitor C2 causes 
an electron flow from ground through gtid resistor R3 to 
the grid side of the capacitor. This current flow, which 
eventually charges the capacitor, develops a positive vol- 
tage across grid resistor R3 sufficient to raise the bias of 
triode V) above cutoff ond cause V1 to conduct. As 
plate current increases and flows through the plate winding 
terminals 1 and 2) of transformer T1, it produces a magnetic 
field around the winding. This incteqsing magnetic field 
induces a voltage into the grid winding of the transiormer. 
The transformer phasing is such that the induced positive 
voltage increases the voltage across UZ, causes more 
current to flow through arid resistor R3, increases the 
charge on grid capacitor UZ, and drives the grid of Vi 
further positive. The increase in positive grid voltage, 
ses the plate ent to incleuse still 
further. This regenerative ection continues. That isc 
continual increase in grid voltage causes a continual 
reose in plate currant which, in tutn, causes a further 
increase in the grid (feedback) voltage. Meanwhile, as the 
plate current rapidly increases toward plate-current satura 
tion, the grid voltage becomes more positive until it reaches 
zero bias, and gtid current flows, charging atid capacitor 
LZ 10 its Maximum vulue. 
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When the plate-current saturation point is reached 
(point A on the plate-voltage waveform), current flow in 
the plate winding of transformer T] no longer increases. 
Since there is no longer a changing magnetic field around 
the plate winding of the transformer, no further voltage 
is induced into the grid winding. Crid capacitor C2 is now 
fully charged, and since there is no longet u voltage actoss 
the grid winding of transformer T1 to sustain this charge, 
the capacitor begins to discharge. Normally, the capacitor 
would discharge through grid resistor R3, resistor R4, and 
the grid winding of the transformer. However, the negatively 
charged side of grid capocitor C2 is connected to the 
cathode of diode V2. This negative potential on the cathode 
of the diode makes it conduct, shunting grid iesister B32, 
Capacitor C2 now discharges through diode V2, resistor 
R4, and the grid winding of transformer Tl. Since the 
high resistance of grid resistor R3 is shunted by diode V2 
and effectively removed trom the circuit, resistor R4 alone 
determines the discharge time constant of the circuit. 

Since the value of R4 is low, the time constant is short, and 
capacitor C2 discharges very quickly. When capacitor C2 
discharges, the grid voltage level drops until it reaches 

the fixed cathode bias (determined by resistors Rl and R2) 
which keeps the triode biased to cutoff, and plate current 
ceases. 

As plate current stops flowing in the plate winding of 
transformer T1, the magnetic field around the winding 
collapses. The collapsing field induces into the plate 
ing c voltage of a polarity which tends to keep current 
flowing in the same direction, (That is, the polarity of the 
induced voltage is series-aiding with that of the plate-supply 
voltage.) The result of adding these voltages is a momen- 
tary inctease in plate voltage over and above the plate- 
supply voltage, called overshoot (point B on the plate-volt- 
age waveform). As the magnetic field around transformer 
Ti decreases in intensity, the induced voltage (overshoot) 
decreases accordingly, and the plate voltage quickly returns 
to the normal quiescent value. 

Any changes of current in the primary winding of trans- 
former T1 also induce a changing voltage into the tertiary, 
or output, winding (terminals 5 and 6), The polarity of the 
output pulse from this winding is determined by which 
terminal is connected to ground. As shown in the circuit 
schematic, terminal 6 is grounded. Therefore, in this case, 
a positive output pulse results (for a negative output it 
would be necessary to ground terminal 5 instead). 

The fast-recovery blocking oscillator trovides one 
output pulse each time a positive trigger pulse is applied, 
It ie ready again almost immediately to receive another 
trigger pulse and produce another output pulse. Therefore, 
it is preferred for circuits operating at fast repetition rates. 


FAILURE ANALYSIS. 

No output. Since the oscillator depends on a positive 
trigger pulse to initiaie uperution, it is important to deter- 
mine whether the input pulse is of the proper polarity 
and of sufficient amplitude to drive the grid of V1 above 
an oscilloscone to ohserve the innut waveform. 
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If the proper triqger pulses are present at the input, use the 
oscilloscope to observe the signal at the plate of V1. If 
pulses similar to those shown in the illustration of the plate- 
voltage waveform are observed, but still no output is 
obtained, the output (tertiary) winding of transformer T1] 

is either open or shorted. Use on ohmmeter to check the 
continuity of this winding; also check for a short to ground 
(indication of less than 0.1 ohm). If no pulses cre observed 
at the plate of V1, either no plate voltage is present or 
there is a defective feedback circuit or a defective cathode- 
bias circuit. Measure the voltage on the plate of V1 with 

a high-resistance voltmeter. If no voltage is measured at 
this point, a number of other possibilities exist: either an 
open in the plate winding of transformer T1, an open plate 
resistor R5, or a shorted bypass capacitor C3. Use an ohm- 
meter to check these components and isolate the trouble. 

If the proper voltage is measured at the plate of Vi but no 
plate pulses are seen on the oscilloscope, the trouble is in 
either the feedback or bias circuits. Use an ohmmeter to 
check for an open gtid capacitor, C2, or for an open grid 
winding of tronsformer T] to clear the feedback circuits. 
Then check for proper resistance values of resistors Rl, R2, 
R3, and R4 to clear the bias circuits. If these checks fail 
to locate the trouble, the tube is probably at fault; replace 
triode V1 with o tube known to be good. 

Unstable Oupus. Since the output stability of the oscil- 
lator is dependent upon the input trigger pulse, it is impor- 
tant to be certain that the input trigger is of the proper 
amplitude and frequency. Use an oscilloscope to observe 
the input waveform. If the proper input waveform is observed, 
the bias circuit ot feedback circuit may be faulty. Use 
an ohmmeter to check capcitor Cl for an open or a short, and 
to check bias resistors Rl and R2 for proper resistance 
values. If these checks show that the bias circuit is not 
defective, check the feedback circuit with an ohmmeter. 
First check grid capacitor C2 for a short, and then check 
tesistors R3 and R4 for the proper resistance values. 

Also use the ohmmeter to check transformer T] for 
continuity of the grid and plate windings, for shorts between 
the windings, and for shorts to ground (less than | ohm). 

If these checks fail to locate the trouble, replace triode V1 
and diode V2 with tubes known to be good. 

Low Output. Low output may be caused by weak 
emission in the triode, low plate-supply voltage, or exces- 
sive circuit loading. If substituting a good tube for triode 
V1 does not remedy the trouble, use a high-resistance volt- 
meter to measure the plate-supply voltage. If this voltage 
is low, the trouble is in the power supply. If the plate- 
supply voltage is normal, the transformer is probably defec- 
tive; replace it with one known to be good. 


PULSE-FREQUENCY DIVIDER. 


APPLICATION. 

The pulse-frequency divider is used to produce high- 
amplitude pulses at a submultiple of the input trigger pulse 
frequency for use as timing or synchronizing pulses in 
tadar and communications equipment. 
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CHARACTERISTICS. 

Output pulse frequency is a submultiple of the input 
pulse frequency. 


Frequency-division ratio can be adjusted within a small 
range. 

Requires a high-impedance trigger source which pro- 
duces positive trigger pulses. 

Output pulse width and rise time are determined 
primarily by the transformer characteristics. 

Output pulse polarity is determined by the phasing 
of the transformer output (tertiary) winding. 


CIRCUIT ANALYSIS. 

General. Theoperation of the pulse-frequency divider 
is similar to thot of other types of triggered blocking oscil- 
lators. However, the pulse-frequency divider is designed 
so that, instead of producing out-put pulses at the some 
frequency, as the input pulse frequency, it produces 
output pulses at a frequency which is only a fraction of the 
input pulse frequency. In other words, the circuit divides 
the input pulse frequency down to a lower frequency. The 
ratio of the input pulse frequency to the output pulse fre 
quency 1s called the division ratio, Although pulse-fre- 
quency divider circuits have been designed with division 
ratios as high as 100:1, a low division ratio (less than 6:1) 
gives the best stability. Consequently, most pulse-fre- 
quency dividers are designed to operate at low division 
ratios. 

Ciseuit Operation. The accompanying circuit schematic 
illustrates a pulse-frequency divider with a division ratio 
that can be adiusted between 2:1 and 5:1. 
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Pulse-Frequency Divider 


Transformer T] provides the coupling (inductive feed-back) 
between the plate and the grid of triode V1. Terminals 1 
and 2 connect to the plate (primary) winding, terminals 3 and 
4 connect to the grid (secondary) winding, and terminals 5 
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and 6 connect to the output (tertiary) winding. 
The positive trigger pulses are applied through coupling 
capacitor C1 to the grid of triode Vil. Capacitor C2 and 
resistors R2 and R3 make up the grid R-C circuit. Resistor 
R2 is vatioble and allows the time constant of this R-C cir- 
cuit to be adjusted for the desired division ratio. Resistors 
Rl and R3 form a voltage-divider network which supplies 
fixed grid bias voltage for triode V1. Resistor R4 and 
capacitor C3 form a conventional plate decoupling network. 
The following illustration shows the trigger-, grid-, 
plate-, and output-voltage waveforms in their proper time 
relationship. 
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Trigger-, Grid-, Plate-, ond 
Output-Voltage Waveforms 


In the quiescent condition (with no trigger pulse applied), 
V1 is held at plate-current cutoff by the fixed negative bias 
taken from the voltage divider made up of resistors Rl and 
R3, and appl: ugh grid resistor R2 and the arid winding 


of transformer T1 to the grid of V1 (time | on the waveform 


illustration). 
When th 


sitive trigger pulse is applied to the 
arid of triode V1 through coupling CG 
the grid chove cutof! and causes the tube to conduct (time 
t, on the wavetorm illustration). The increasing plate 
current flowing through the plate winding (terminals | and 
2) of transformer T1 produces a magnetic field in the trans- 
former. The changing magnetic field induces a teedback 
voltage into the grid winding of transformer Tl. The trans~ 
formet phasing and polarity are such that the uv 
back voltage drives the grid of tnode V1 mote positive, and 
the plate of capacitor C2 which is connected to the nega- 
tive end of the arid windina more neaative. Thus, the in- 
duced feedback voltage causes two things to occur simul- 
taneously: the capaciter charges to a higher potential, and 
the tube is biased more positive, The increased positive 
bigs causes the plate current of trinde Vi to increase 
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further. The increasing plate-current flow through the plate 
winding of transformer Tl causes the magnetic field in the 
transformer to increase accordingly, and induces a still 
larger voltage into the grid winding of transformer Tl. This 
continuous increase in feedback voltage, grid voltage, 
and plate current produces 0 regenerative-feedback action 
which quickly drives the tube toward plate-current saturation. 
As the grid of triode V1 is driven more and more positive, 
gtid current eventually begins to flow. The flow of grid 
current through the grid winding of transformer Tl to capa- 
citor C2 causes the capacitor to quickly charge to its 
maximum neqative value. 

When plate-current saturation is reached (point A on 
the plate-voltage waveform), the plate current can no longer 
increase. Consequently, the magnetic field in transformer 
T1 no longer increases, and no feedback voltage is now 
induced into the arid winding. The arid of triode V1 is there- 
fore driven negative by the large negative charge on 
capacitor C2. This negative grid voltage causes the triode 
plate current to decrease. As the plate current through 
the plate winding of transformer T1 decreases, the magnetic 
field in the transformer decreases accordingly, inducing 
a feedback voltage of opposite polarity into the grid 
winding of the transformer. This induced feedback voltage 
drives the grid of triode V1 further negative, increasing 
the negative grid bias, and causing plote-current flow 
through the plate winding of transformer T1 to decrease 
still further. As previously explained. the regenerative 
feedback from the plate to the grid of iode Vi produces a 
continuous cycle which causes the grid to be driven far 
below cutoff. As plate-current occurs, the plate current 
ceases to flow, and the magnetic field in the transformer 
collapses. The collapsing magnetic field induces into the 
plate winding of transformer T1 a voltage of such polarity 
that it tends to keep current flowing in the same direction as 
the original plate-current flow (that is, the induced voltage 
is series-aiding with the plate-supply voltage). The 
result of adding these voltages is a momentary increase in 
plate voltage over and above the plate-supply voltage, 
called overshoot (point B on the plate-valtage waveform). 
As the magnetic field decreases to zero, the induced volt- 
age (overshoot) decreases accordingly, and the plate 
voltage retums to the normal, quiescent value. 

When plate current ceases, the charge on capacitor 
C2 is no longer sustained, and the capacitor discharges 
through resistors R2 and #3 tewards the negative fixed- 
bias value. Since the time constent of this R-C circuit 
is very large, capacitor C2 discharges very slowly, and its 
wetential decteuses only s smal! amount by the time the 
plate pulse and overshoot are completed. The discharge 
time of the circuitis, in fact, many times longer than the 
input pulse repetition period. Consequently, the next in- 
put trigger pulse (time t, on the waveform illustration) 
occurs while capacitor C2 is still discharging and reducing 
theblas towards the fixed cutoff bias value. ‘I'his positive 
trigger pulse (number 2), when combined with the negative 
grid voltage remaining on capacitor C2, isnot of sufficient 
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fore, trigger pulse number 2 has no effect on the operation 

of the circuit, and triode V1 remains cut off with Capacitor 
C2 still discharging. The same result occurs during the 
next three input trigger pulses (times ty, t,, and ts on the 
waveform illustration), However, when the next input trigger 
pulse (time t, on the waveform illustration) occurs, capacitor 
C2 is now discharged to neatly the fixed negative bias 
voltage across resistor R3 (cutoff bias). Therefore, when 
trigger pulse number 6 is combined with the negative grid 
voltage remaining on capacitor C2, the tesulting pulse is 

of suffictent amplitude to again drive the grid of triode V1 
above cutoff and cause the tube to conduct. Thus, the sixth 
trigger pulse causes the circuit to begin another cycle of 
operation. The pulse-frequency divider produces an out- 

put pulse as previously explained, and then remains inactive 
for the next four input trigger pulses. It produces an out- 
put pulse for every fifth input pulse. Therefore, the circuit 
is said to have a division ratio of 5:1. 

The division ratio of the pulse-frequency divider is 
entirely dependent upon the discharge time of capacitor C2, 
which is determined by the time constant of the grid R-C 
circuit. Resistor R2 is made variable so that the time 
constant of the R-C circuit can be adjusted for the desired 
output frequency. If the value of resistor R2 is decreased, 
the time constant of the R-C circuit decreases and capacitor 
C2 discharges more quickly. Thus by proper adjustment 
of resistor R2, the circuit will operate on every fourth in- 
put trigger pulse, giving a division ratio of 4:1. As the 
value of resistor R2 is decreased still further, the division 
ratlo decreases accordingly. The accompanying illustration 
shows the trigger- and grid- voltage waveforms for two 
different settings of resistor R2, and consequently for two 
different frequency-division ratios. 
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Trigger- and Grid-Voltage Waveforms 
for Two Settings of Resistor R2 


CHANGE 1 


0967-000-0120 OSCILLATORS 
FAILURE ANALYSIS. 

General. Since the output signal of the pulse-frequency 
divider is dependent upon the input signal, it is important 
to be certain that the proper trigger pulses are applied. If 
the proper input trigger pulses are not applied, the output 
from the circuit, if present at all, will be unstable or of 
the wrong frequency. Therefore, the first step in trouble- 
shooting this circuit is to use an oscilloscope to observe 
the input waveform, and compare it with the waveform 
shown in the equipment instruction book to be certain that 
it is of the proper polarity, amplitude, and frequency. 

No Output. In addition to an improper input signdl, 

@ no-cutput condition may be caused by a lack of plate- 
supply voltage, a fault in the grid circuit, a foult in the 
plate circuit, a defective tube, or an open output winding 
of transformer T1. After checking the input signal with an 
oscilloscope {as explained in the previous paragraph), use 
the oscilloscope to observe the waveform at the grid of 
ttode V1. If no signal appears at this point, capacitor Cl 
is open and must be replaced. If the proper grid-voltage 
waveform is observed, use the oscilloscope to observe 

the waveform on the plate of triode V1. A proper plate- 
voltage waveform indicates that the output winding of 
transformer T] is defective. If no signal is observed on 
the plate of triode V1, voltage and resistance checks 

must be made to isolate the defective component. Use 

a high-resistance voltmeter to measure the plate-supply 
voltage and determine whether the power supply is at 
fault. Next, use the voltmeter to measure the voltage 

on the plate of triode V1. If no plate voltage is present, t. 
plate circuit components T1 (primery winding), C3, or R4 ~~ 
are either open or shorted. Use an ohmmeter to check 
continuity and resistance, and isolate the defective com- | 
ponent. If the proper plate voltage is present, either the - 
tube is defective, transformer T (secondary winding} 

is open, resistors Rl, R2, or R3 are open, or capcitors Cl 

or C2 are shorted. Us2 an ohmmeter to isolate the defective 

component. If these checks fail to locate a defective com- 

ponent, the tube is probably ot fault and should be replaced 

with one known to be good, 

Improper Division Ratio or Unsteble Output, An im- 
proper input signal, an improper bias-supply voltage, a 
defective tube, an open or shorted grid circuit, or a de- 
fective transformer, T1, may cause either an improper 
division ratio or an unstable output. After checking the 
input signal with an oscilloscope (as explained previously), 
use a high- resistance voltmeter to measure the bias-supply 
voltage. If the bias-supply voltage is correct, the trouble 
is in the divider circuit and not in the power supply. Use 
on ohmmeter to check the grid circuit of the divider for 
open or shorted components (C1, C2, Rl, R2, R3). Triode 
V1 may also be at fault. Replace the tube with one known to 
be good, and if this still does not correct the trouble, 
transformer T] is probable shorted. Replace it with a good 
transformer. 

Low Output. A low output may be caused by three 
conditions : low plate voltage, low tube emission, or 
excessive circuit loading. Use a high-resistance voltmeter 
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to measure the plate-supply voltage and eliminate the 
possibility of a faulty power supply. Since defects in 
capacitor C3 or resistor R4 may also cause low plete volt- 
age, use an ohmmeter to check these components. The low 
output may alse be caused by low emission in triode V1. 
If replacing the tube with a good one does not correct the 
trouble, the low output may be caused by excessive cir- 
cuit loading. Such « condition may be caused by shorted 
turns in transformer Tl. Consequently, it should be re 
placed by a good transformer. 


DISTANCE-MARK DIVIDER. 


APPLICATION. 

The distance-mark divider is used to produce short time 
duration pulses at o submultiple of the input trigger fre- 
quency for use as distance marks in radar display indicators. 


CHARACTERISTICS. 

Produces output pulses at a submultiple of the input 
trigger pulse frequency. 

Requires a low-impedance trigger source which produces 
positive trigger pulses. 

Output consists of positive pulses taken from the 
cathode of the tube. 

Output pulse width and rise time are determined primar- 
ily by the transformer choracteristics. 


CIRQUIT ANALYSIS. 

General. The distance-mark divider is a specific cppli- 
cation of the pulse-frequency divider discussed earlier in 
this section of the Handbook. Like the pulse-frequency di- 
vider, the distance-mark divider produces output pulses at 
a submultiple of the input pulse frequency. That is, it 
divides the input pulse frequency down to a lower frequency. 
The ratio of input pulse frequency to output pulse fre- 
quency is called the division ratio of the circuit. While the 
division ratio of many pulse-frequency divider circuits is 
adjustable within a small range, the division ratio of the 
distance-mark divider is normally fixed (usually 2:1 or 3:1). 
In this way, the circuit can be designed to give the desired 
chatacteristics in the output pulse. Moreover, taking the 
output from the cathode of the tube also helps te produce the 
desired output pulse shape and eliminates the cversheot pre- 
sent in other types of blocking oscillators, 

Cireuit Operation. The accompanying circuit schematic 
ithistrates a distance-mark divider with a division ratio of 
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Distance-Mark Divider 


Transformer T1 provides the coupling (inductive feedback) 
between the plate and the grid of triode V]. Terminals } 
and 2 connect to the plate (primary) winding, and terminals 
3 and 4 connect to the grid (secondary) winding. The input 
trigger pulses are applied through grid capacitor Cl md 
the grid winding of transformer T2 to the qrid of triode V1. 
The division ratio of the distance-mark divider is deter~ 
mined by the RC circuit made up of capacitor C1 and tesis~ 
tars Ri and R2, Resistor Ri is variable and allows the 
circuit to be adjusted to compensate for variations in com- 
ponent values, supply voltages, and input trigger pulse 
amplitude. Resistors R2 and R3 form a voltage divider 
which provides fixed negative grid bias for triade V1. Re- 
sistor R4 and capacitor CZ form a conventional plate de- 
coupling network. The output is taken across resistor RS, 
which is the cathode resistor for triode V1. 

The following illustration shows trigger-, grid-, plate-, 
end cathede-voltage waveforms in their proper time rela- 
tionship. 


Trigger-, Grid-, Piete-, ond 
Cathode-Voltage Wavetorms 
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In the quiescent condition (with no trigger pulse applied), 
triede V1 is held at plate-current cutoff by the fixed nega- 
tive bias taken from the voltage divider made up of resis- 
tors R2 and R3, and applied through grid resistor Rl and 
the grid winding of transformer Tl to the grid of V1 (time 
ty on the waveform illustration). 

When the first positive trigger pulse is opplied through 
gtid capacitor Ci and the grid winding of transformer T) 
to the grid of triode V1, it drives the grid above cutoff and 
causes the tube to conduct (time t, on the waveform illus- 
tration). The increasing current flowing through the plate 
winding of transformer Tl produces a magnetic field in the 
transformer. The changing magnetic field induces a feed- 
back voltage into the grid winding of transformer 11. The 
transformer phasing and polarity are such thot the induced 
feedback voltage drives the grid of triode V1 more posi- 
tive and the plate of capacitor Cl which is connected ta the 
negative end of the grid winding more negative. Thus, the 
induced feedback voltage causes two things to occur simul- 
taneously: the capacitor charges to a higher potential, and 
the tube is biased more positive. The increased positive 
bias causes the plate current of triode V1 to increase fur- 
ther. The increasing plate current flow through the plate 
winding of transformer T] causes the magnetic field in the 
transformer to increase accordingly, and induce a still larger 
voltage into the grid winding. This continuous inctease in 
feedback voltage, grid voltage, and plate current produces a 
regenerative feedback action which quickly drives the tube 
toward plate current saturation. As the grid of triode V1 is 
driven more and more positive, grid current eventually begins 
to flow. The flow of grid current through the grid winding of 
transformer T] to capacitor Cl causes the capacitor to 
quickly charge to its maximum negative value. 

When plate-current saturation is reached (point A on 
the plate-voltage waveform), the plate current can no 
longer increase. Consequently, the magnetic field 
in transformer Tl no longer increases, and no feedback 
voltage is now induced into the grid winding. The grid 
of triode V1 is therefore driven negative by the large 
negative charge on capacitor Cl. This negative grid 
voltage, and the positive cathode voltage caused by cur- 
tent flow through cathode resistor RS, cause the triode 
plate current to decrease. As the plate current through the 
plate winding of transformer T] decreases, the magnetic 
field in the transformer decreases accordingly, inducing a 
feedback voltage of opposite polarity into the grid winding 
of the transformer. This induced feedback voltage drives 
the grid of triode V1 further negative, increasing the neqa- 
tive gride bias, and causing plate-current flow through the 
plate winding of transformer Tl to decrease still further. 
As previously explained, the regenerative feedback from the 
plate to the grid of triode V1 produces a continuous cycle 
of operation which causes the grid to be driven far below 
cutoff. As plate-current cutoff occurs, the plate current 
ceases to flow and the magnetic field in the transformer 
collapses. The collapsing field induces a momentary 
surge of voltage, called eversheot, into the plate winding 
of transformer T1 (point B on the plate-voltage waveform). 
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However, since triode V1 is cut off, no current can flow 
through cathode resistor R5, and the overshoot is not 
present in the output. 

When plate current ceases to flow, the charge on 
capacitor C1 is no longer sustcined, and the capacitor 
discharges through resistors Fl and R2 toward the fixed 
negative bias value. The time constant of this R-C cite 
cuit is very large, and the discharge time of capacitor Cl 
is many times longer than the input trigger pulse repetition 
petiod. Consequently, the next input trigger pulse (time 
t2 on the waveform illustration) occurs while capacitor C1 
is still discharging and reducing the bigs toward the fixed 
cutoff bias value. This positive trigger pulse (number 2), 
when combined with the negative grid voltage remaining on 
capacitor Cl, is not of sufficient amplitude to raise the 
grid voltage of triode V1 above cutoff. Therefore, trigger 
pulse number 2 has no effect on the operation of the circuit, 
and triode V1 remains cut off with capacitor C1 still dis- 
charging. The same result occurs during the next input 
trigger pulse (time t, on the waveform illustration). Haw- 
ever, when the next input trigger pulse (time t, on the wave- 
form illustration) occurs, capacitor C1 is discharged to 
nearly the fixed negative bias voltage across resistor R2 
(cutoff bias). Therefore, when trigger pulse number 4 is 
combined with the negative grid voltage remaining on ca- 
pacitor C1, the resulting pulse is of sufficient amplitude 
to again drive the grid of triode V1 above cutoff and cause 
the tube to conduct. Thus, the fourth trigger pulse causes 
the circuit to begin another cycle of operation. The dis- 
tance-mark divider produces an output pulse as previously 
explained, and then remains inactive for the next two input 
trigger pulses. It produces an output pulse for every third 
input pulse. Therefore, the circuit is said to have a divi- 
sion ratio of 3:1. 

The division ratio of the distance-mark divider is en- 
tirely dependent upon the discharge time of capacitor Cl, 
which is determined by the time constant of the grid R-C 
circuit. Thus, the distance-mark divider can be made to pro- 
duce different division ratios by using various component 
values in the grid R-C circuit. Although resistor R] is 
variable, and will change the time constant of the circuit 
somewhat, this range is not normally broad enough to change 
the division ratio. Normally, resistor Ri is used only to 
adjust the circuit to compensate for variations in trigger 
pulse amplitude and supply voltages. 


FAILURE ANALYSIS. 

No Output. A no-output condition may be caused by an 
improper input signal, a lack of plate-supply voltage, a fault 
in the grid circuit, a fault in the plate circuit, a fault in the 
cathode circuit, or a defective tube. After checking the in- 
put signal with an oscilloscope to be certain that the proper 
input is applied, use the oscilloscope to observe the wave- 
form at the grid of triode Vj. If no signal appears at this 
point, either capacitor Cl or the grid winding of transformer 
T1 is open. Use an ohmmeter to make resistance checks 
and isolate the defective component. If the proper grid-volt- 
age waveform is observed, further voltage and resistance 
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checks must be made to isolate the defective component. 
Use a high-resistance voltmeter to measure the plate-sup- 
ply voltage and determine whether the power supply is at 
fault. Next, measure the voltage on the plate of triode V1. 
If ne plate voltage is present, plate components Tl (primary 
winding), R4, ot C2 are either open or shorted. Use an ohm- 
meter to check continuity and resistance, and isolate the 
defective component. If the proper plate voltage is present, 
either the tube is defective, transformer T] (secondary 
winding) is open, or resistors Rl, R2, R3, ot R5 are open or 
shorted, Use an ohmmeter to isolate the defective compo- 
nent, If these checks fail to locate a defective component, 
ihe iuby is piobably ct foult and should he replaced with one 
knawn to be good. 

Improper Division Ratic or Unstable Output. An impro- 
per input signal, an improper bias-supply voltage, a defec- 
tive tube, un open or shorted grid circuit, or o defective 
transformer may cause either an improper division ratio or an 
unstable output. After checking the input signal with an os~ 
cilloscope to be certain that it is of the proper amplitude 
and frequency, use o high-tesistance voltmeter to measure 
the bias-supply voltage. If the bias-supply voltage is cor- 
rect, the trouble is in the divider circuit and not in the power 
supply. Use an ohmmeter to check the grid circuit of the 
divider for open or shorted components (Cl, Rl, R2, R3). 
Triode Vi may also be at fault. Replace the tube with one 
known to be good. If this still does not correct the trouble, 
transformer T} is probably shorted and should be replaced 
with a good transformer. 

Low Output. A low output is usually caused either by 
low plate voltage or by low tube emission. Use a high~e- 
sistance voltmeter to measure the plate-supply voltage and 
eliminate the possibility of a faulty power supply. Since 
defects in capacitor C2 or resistor R4 may also cause low 
plate voltage, use an ohmmeter to check these components. 
If these checks fail to iocate the trouble, the low output is 
probably caused by low emission in triode V1. The tube 
should be replaced by one known to be good. 


SHOCK-EXCITED RINGING OSCILLATOR. 
APPLICATION. 


The shock-excited ringing oscillator produces a short 
series of r-f osciliations each time an input gate is applied. 
The r-f oscillations are normally used as distance marks in 
tadar indicators. 


CHARACTERISTICS. 

Requires a high-impedance, negative input gate. 

Produces an output only when gated. 

R-F output pulse duration is equal to that of the input 
gate. 

Uses a high-Q resonant tank circuit to produce an r-f 
output. 

Output frequency is determined by the tank-circuit in- 
ductance and capacitance values, 
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CIRCUIT ANALYSIS. 

General. The shock-excited ringing oscillator uses a 
parallel-resonant L-C (tank) circuit to produce an rf output, 
An electron tube is used as a switch to control (gate) the 
t-f oscillations. While the basic circuit discussed below 
serves to tliustrate the principles of operation of the shock. 
excited ringing oscillator, it is not suitable for use in pi 
tical circuits. A typical practical circuit is discussed 
after the basic citcuit operation is established. 

Circuit Operation. The accompanying circuit schematic 
illustrates a basic shock-excited ringing oscillator. 
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Basic Shock-Excited Ringing Oscillator 


In the quiescent state (with no negative gate applied), posi- 
tive grid bias is applied from the plate supply through grid 
resistor RI to the grid of triode V1, and causes the tube to 
conduct heavily necr plate-current saturation, Electron flow 
is from ground, through inductor Li and the tube to the plate 
supply, building up a magnetic field around the inductor. 

Se long as a negative gate is not applied, the circuit re- 
mains in this quiescentstate (triode V1 conducting heavily 
and no r-f output). 

When a negative input-gate is applied through coupling 
capacitor C] to the grid of triode Vi, it instantaneously 
drives the grid below plate-current cutoff, and holds it at 
cutoff for the duration of the input gate. Plate-current flow 
through inductor Li abruptly ceases, and the magnetic field 
around the inductor collapses. The coliapsing magneti 
field induces into the inductance a voitage uf such polarity 
that it tends to keep current flowing in the same direction. 
That is, the induced voltage causes a current to flew fron. 
ground toward the cathode of triode V1. The triode, however, 


current will flow through the tube. Consequently, the in- 
duced current flows around the tank circuit and charges 
copacitor C2 negative with respect to ground. When the 
mognetic field has completely collapsed, no further voltage 
is induced into inductor L1, and the induced current ceases 
to flow in the tank circuit. Since there is no longer any 
induced volrnge susiuin the 
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magnetic field around the inductor which is of opposite po- 
larity from the original magnetic field. When capacitor C2 is 
full discharged, current flow around the tank circuit again 
ceases, and the magnetic field around inductor LI again col- 
lapses and induces into the inductance a voltage which tends 
to keep current {lowing in the same direction. This induced 
voltage causes current to flow around the tank circuit and 
charges capacitor C2 positive with respect to ground. After 
the magnetic field completely collapses, the charge on the 
tank capacitor is no longer sustained, and the capacitor 
again discharges through inductor L1, once again building 
up 6 magnetic field around the inductor in the original direc- 
tion. This cycle of charge and discharge continues to re- 
peat, producing a ringing effect in the tank circuit. That is, 
the capacitor and inductor charge and discharge alternately, 
Causing the tank circuit to oscillate at a radio-frequency 
tate. Since the tank circuit has a very high Q (low loss), 
the r-f oscillations continue for many cycles. Because of 
the loss in the tank circuit produced by the d-c resistance 
of the inductor, successive oscillations gradually dectease 
in amplitude as the energy in the tank circuit is dissipated 
by this resistance. The resulting output waveform across 
the tank circuit is a series of damped oscillations, as shown 
in the following illustrotion. 
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Input Gote and Output-Voltage Woveforms 


The damped oscillations continue until the end of the 
input gate. When the negative input-gate ends, the positive 
bias supplied by grid resistor R] resumes control and causes 
triode V1 to again conduct heavily near plate-current satura- 
tion. When the tube conducts, the heavy plate-curterit flow 
through inductor L] produces a magnetic field around the 
inductor in one unchanging direction, which effectively 
shunts the tank circuit and decreases the circuit Q. Con- 
sequently, the r-f oscillations are effectively damped out 
very quickly. The heavy plate current flowing through in- 
ductor L] once again builds up a steady magnetic field 
around the inductor which effectively prevents any possi- 
bility of r-f oscillation, and the circuit remains in the quies- 
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Cent (no-output) state until the next input gate is applied. 

Since triode V1 is cut off while output oscillotions are 
being ptoduced, the frequency of the output oscillations is 
not affected by the tube. Thus, the output frequency is de- 
termined solely by the values of inductance and capacitance 
in the tank circuit. The duration of the train of r-f output 
oscillations is determined solely by the length of time triode 
V1 remains cut off, and is therefore controlled by the dura- 
tion of the input gate. 

The basic shock-excited ringing oscillator just discussed 
always produces damped oscillations when an input gate is 
applied. Since these oscillations decrease in amplitude, 
they are not suitable for many applications, particularly for 
producing distance marks, The accompanying circuit sche~ 
matic illustrates a practical type of shock-excited ringing 
oscillator which produces r-f oscillations of a constant am- 
plitude when the input gate is applied. 


Typical Shock-Excited Ringing Oscillator 


The two-tube shock-excited ringing oscillator shown in the 
illustration is actually a switched Hartley oscillator (see 
Section 7 of this Handbook for a detailed discussion of 
Hartley circuit operation). The circuit consisting of triode 
V2, capacitor C2, inductor Li, and Resistor R3 is a conven- 
tional series-fed Hartley oscillator, and the circuit consist- 
ing of triode V], capacitor Ci, and resistors R] and R2 is a 
switching circuit which controls the operation of the Hartley 
oscillator. 

In the quiescent state (with no negative gate applied), 
no bias is applied to the grid of triode V1 and the tube con- 
ducts heavily near plate-current saturation. The electron 
flow is from ground, through inductor L}, triode Vj, and re- 
sistor R2 to the plate supply, building up a magnetic field 
around inductor L1. When triode V1 is conducting, the 
heavy plate-current flow through inductor L} produces a 
steady magnetic field around the tank inductor, which ef- 
fectively shunts the tank circuit and prevents the oscilla- 


9-A-18 


es 


ELECTRONIC CIRCUITS NAVSHIPS 
tor from functioning. Consequently, no r-f output oscil- 
lations are produced and the circuit remains in this state, 

When a negative input-gate is applied to the grid of triode 
V1 through coupling capacitor Cl, it drives the grid far below 
cvtoff, As plate current ceases to flow through tank in- 
ductor L], the magnetic field qround it collapses, inducing 
a voltage into the inductor which tends to keep current flow- 
ing in the same direction as the original plate-current flow 
(that is, from ground thru the inductor to the cathode of triode 
V1). As in the basic circuit discussed previously, the in- 
duced current cannot flow through triode V1 {which is cut 
off); consequently, it flows around the tank circuit, charg- 
ing capacitor C2 am tiating a ringing effect. In this 
practical circuit, however, any potential across the tank is 
also applied to the grid of oscillator tube V2, and the os- 
cillator section of the circuit functions as a normal Hartley 
oscillator, producing oscillations of a constant amplitude in 
the tank circuit. The oscillator portion of this circuit re- 
places the energy dissipated in the tank coil resistance so 
that the resulting oscillations are always of constant am- 
plitude. Thus, as long as the negative gate is applied, 
triode V) remains cut off, and the oscillator portion of the 
circuit operates, producing constant-amplitude r-f oscilla- 
tions. 

The oscillator operates until the end of the negative in- 
put gate, When the negative gate ends, the grid bias on 
triode V] returns to zera, and the triode again begins to con- 
duct heavily near plate-current saturation. When the tube 
conducts, the heavy current [iow through inductor L} pro- 
duces a steady magnetic field around the tank inductor, ef- 
fectively damping out the rf oscillations very quickly, Thus 
the circuit is once again operating in the quiescent state, 
with triode V1 conducting heavily near saturation, and no 
t+f output. 

‘The practical shock-excited ringing oscillator produces 
tt oscillations of constant amplitude when a negative input 
gate is applied. As in the basic shock-excited ringing os- 
Cillator, the output trequency is determined by the values of 
inductance and capacitance in the tank circuit, and the du- 
tation of the r-f output is determined by the length of the 
input gate. The output waveform is the some as that shown 
for the basic cifcuit, except that all the oscillations are of 
constant ampiitude. 


FAILURE ANALYSIS. 

No Output. Failure of the shock-excited ringing oscilia- 
ici to produce an output when the gate is applied may be 
caused by a defective switching circuit, by a defective os- 
viliator circul y voltage. To 
isolate the trouble to one portion of the circuit, temporarily 
remove triode V1. It continuous output oscillations are now 
produced, the trouble is in the switching section of the cir- 
cuit. Use an ohmmeter to check capacitor C1 for a shorted 
condition, and resistors R] and R2 for continuity and pro- 
per value. if none of these puis ule defective, triode V1 
is probably shorted and should be replaced with a tube 


known to be good. It continuous output oscillations are not 


wed, the fault 
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is either in the oscillator section of the circuit or due toa 
lack of plate-supply voltage. Use a high-tesistance volt- 
meter to check the supply voltage and the plate voltage of 
triode ¥2. Proper values of these voliages indicate that 
the trouble is in the oscillator section of the circuit and not 
in the power supply. Use un ohimeter to check capacitor 
C2 and inductor L1 for a shorted condition, and tu check te- 
sistor R3 for continuity and proper value. If the trouble 
stil persits, ttiode V2 is probably at fault and should be 
replaced with a tube known to be good. 

Continuous R-F Output. Defects in the switching portion 
of the shock-excited ringing oscillator may cause the circuit 
to produce output osciliations whether or not the input gate 
is present. Use an ohmmeter te check capuciitn Cl und re- 
sistors R] and R2 for a shorted or open condition. If none 
of these parts are detective, triode V} is probably at fault. 
Replace it with a tube known to be good. 

Low Output. Detects in the oscillator portion of the 
cuit of a iow plate-supply voltage may cause either low- 
amplitude output oscillations or damped (decreasing) output 
oscillations. First measure the plate-supply voltage with 
a high-tesistance voltmeter to eliminate the possibility of 
fow-supply voltage. It the plate-supply voltage is normal, 
the trouble is in the oscillator section of the circuit and not 
in the power supply. ({f the output oscillations are damped, 
triode V2 is probably inoperative and should be replaced 
with a tube known to be good.) Use an ohmmeter to check 
inductor L1, capacitor Cl, and resistor R3 for continuity of 
shorts. If lefective parts are found, triode V2 is proba- 
bly defective and should be replaced with a tube known to 
be good. 


SHOCK-EXCITED PEAKING OSCILLATOR. 


APPLICATION. 

The shock-excited peaking oscillator is used to produce 
very nartow positive pulses at the beginning of each input 
gate for use as tigger or synchronizing pulses in radar 
modulators, display indicators, and other electronic devices. 


CHARACTERISTICS. 

Requires a high-impedance, negative input gate. 

Produces one very sharp positive pulse at the beginning 
of each negative input gate. 

Produces one relatively broad negative pulse at the end 
ot each neaative input gate. 

Uses a critically damped tank circuit to produce 
nut. 

Shape of positive output pulse 1s determined py tank 
inductance and capacitance valves. 


CIRCUIT ANALYSIS. 
General. The shock-excited peaking oscillator uses o 
critically damped resonant I (tank) circuit to produce a 
peaked output. An electron tube is used as a switch to con- 
trol (gate) the tank circuit. 
Circuit Operation. Tne accompanvitig circuit sche 
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Shock-Excited Pecking Oscillator 


Capacitor Cl and resistor Rl form a conventional R-C in- 
put circuit for triode V1, and capacitor C2 and resistor R2 
form a conventional cathode bias circuit for the tube. In- 
ductor L1 and its distributed capacitance, C, form a paral- 
tel-tesonant tank circuit. Since the distributor capacitance 
is small, the resonant frequency of the tank circuit is very 
high (approximately 2 mc). This rf tank is ctitically damped 
by shunt resistor R3. That is, the value of resistor R3 is 
such that it allows the tank circuit to oscillate for only a 
half cycle after oscillation is started. 

The following illustration shows the input-gate and 
Plate-voltage (output) waveforms in their proper time re- 
lationship, 
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In the quiescent state {with no negative input-~qate applied), 
no bias is applied to the grid of triode V1, and the tube con- 
ducts heavily near plate-current saturation. The plate cur- 
rent is held constant by the cathode bias developed across 
cathode resistor R2. This constant plate current flowing 
through inductor L1 builds up a steady magnetic field around 
the inductance. So long as a negative gate is not applied, 
the circuit remains in this quiescent state. 

When a negative gate is applied through coupling capa- 
citor C] to the grid of triode V1 (time t, on the waveform 
illustration), it instantaneously drives the grid far below 
cutoff, and holds it below cutoff for the duration of the input 
gate. Plate-current flow through inductor L} abruptly 
ceases, and the magnetic field around the inductor col- 
lapses. The collapsing magnetic field induces into the in- 
dugtance a voltage of such polarity that it tends to keep 
current flowing in the same direction as the original plate- 
curtent flow. This induced current flowing in the inductor 
charges the distributed (tank) capacitance, C, negative on 
the plate-supply side of the capacitance and positive on the 
triode side of the capacitance (polarity as shown on sche- 
matic). Since the charge time of the capacitance is de- 
termined by the resonant frequency of the tank circuit, and 
the resonant frequency is very high, the capacitance charges 
very quickly to its moximum value. The potential across 
the charged capacitance is series-aiding with the plate- 
supply voltage, and the resultant voltage on the plate of 
triode V] momentarily rises above the plate-supply voltage 
(point A on the plate-voltage waveform). When the magnetic 
field around the inductor completely collapses, there is no 
longer any induced voltage to sustain the charge on the 
distributed (tank) capacitance, the capacitance and begins 
to discharge. Since the d-c resistance or resistor R3 is 
much lower than the impedance of inductor L) at the re- 
sonant frequency, the distributed capacitance discharges 
very quickly through the resistor, and the triode plate volt- 
age quickly returns to the plate-supply value. Thus, the 
shock-excited peaking oscillator produces one very sharp 
positive pulse at the beginning of the negative input gate. 

Triode V1 remains cut off, and no further output is pro~ 
duced until the end of the negative input gate. When the in- 
put gate ends (time t, on the waveform illustration), the grid 
bias on triode V] returns to zero, and the triode again begins 
to conduct heavily near plate-current saturation. As plate 
current flows through inductor L], a magnetic field builds 
up around the inductor, The increasing magnetic field in- 
duces into the inductance a voltage of such polarity that it 
tends to oppose the plate current flowing through the in- 
ductor. This induced voltage is series-opposing with the 
plate-supply voltage, and the resulting voltage on the plate 
of triode V1 momentatily drops below the plate-supply volt- 
age (point B on the plate-voltage waveform). As the mag- 
netic field around the inductance builds up to its maximum 
value and ceases to increase, the opposing induced voltage 
decreases to zero, and the triode plate voltage returns to the 
plate-supply value. Thus at the end of the negative input 
gate the shock-excited peaking oscillator produces a nega- 
tive-going pulse and then returns to the quiescent state, 
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with triode V1 conducting heavily near saturation and a 
steady unchanging magnetic field built up atound inductor 
El. 

The output from the shock-excited peaking oscillator is 
a series of alternate positive- and negalive-going pulses cc- 
curting respectively at the beginning and the end of the ne- 
gative input gate. Since the positive output pulses are much 
sharper, and of greater amplitude, than the negative-going 
output pulses, the positive pulses are normally the desired 
portion of the output. The negative-going output pulses are 
usually eliminated with a clipping or limiting circuit which 
passes only the desired positive output pulses. 


FAILURE ANALYSIS. 

No Output. Failure of the shock-excited peaking oscil- 
lator to produce an output when the proper negative input 
gate is applied may be caused by a defective circuit com- 
ponent, a defective tube, or a lack of plate-supply voltage. 
After measuring the plate-supply voltage with a high-re- 
sistance voltmeter to be certain that the power supply is 
operating properly, use the voltmeter to measure the voltage 
on the cathode of triode V1. A lack of cathode voltage in- 
dicates that either resistor R2 or capacitor C2 is shorted, 
or the triode is faulty. If checking resistor R2 and capaci- 
tor C2 with an ohmmeter does not reveal a shorted com- 
ponent, triode V1 is probably at fault and should be replaced 
with a tube known to be good. If the proper voltage is meas- 
ured on the cathode of triode V1. inductor L] may be open 
or shorted, capacitor Cl may be open, or resistor RI or R3 
may be open or shorted. Use an ohmmeter to check these 
components for continuity, shorts, and proper resistance 
values. If these checks fail to locate a defective compo- 
nent, triode V] is probably defective and should be replaced 
with a tube known to be good. 

Low Output. Output pulses of low amplitude may be 
caused by low plate-supply voltage, low tube emission, or 
a defective cathode bias circuit. First, measure the plate- 
supply voltage with o high-tesistance voltmeter to elimi~ 
nate the possibility of a faulty power supply. If the proper 
plate-supply voltage is present, use an in-circuit capacitor 
checker to check cathode capacitor C2 for an open, If this 
capacitor is open, degenerative action in the cathode bias 
Circuit will couse a low output (see paragraph 2.2.1. in Sec- 
tion 2 of this Handbook). If Both the plate-supply voltage 
and capacitor C2 are normal, low emission in tricde V] 1s 
probably the couse of the Jow-output condition. Replace 
triode V1 with a tube known to be good. 

Distorted Output. Defects in the plate circuit of uiode 
V] may cause a distorted output. Use an ohmmeter to cneck 
shunt resistor R3 for continuity and the proper resistance 
value. If resistor R3 is not detective, inductor Lj is pro- 
bably at fault and should be replaced. 
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PART B. SEMICONDUCTOR CIRCUITS nect to the output (tertiary) wind: Capacitor Cl and 
resistor Rl form the R-C circuit which determines the time 
FREE-RUNNING PRF GENERATOR. constant in the base-em: 


The output at pulse is ee from the tertiary winding 
Tl. Samping resistor 
ne 
collapse 


APPLICATION, 
The free-running (prf generator) blocking oscillator is a 
basic blocking oscillator. It produces short-time-duration, 
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General. The free-running blocking oscillator (prf qenera- 
tor) is a speciai-type oscillator in that the transister con- 
ducts for a short period to produce a pulse and then becomes 
cut off (blocked) for a much longer period of time; then the 
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Theoretical Waveforms for Blocking Oscillator 


“appears across the forward resistance to in 
ward bigs. The increase in forward bias, in tur 
the collector current, and regeneration 
until the transistos becomes saturated, 


collector current, {¢, increases at a slower rate, as deter 
mined by the omount of magnetizing current necessary to 
maintain the voltage drop across the collector winding ot 
transformer Tl. Also during this oeriod of time, the & 
current, i, gtadually falls cff from its peak value as a 
result of the inability of the transistor to maintcin the same 
rate of increase in magnetizing current as the transis 
approcches saturation; further, at this some time ¢ charye 
is accumulating on capecitor [i which subtracts fiom the 
voltage supplied by the base winding of transformer Tl. 

At saturation, the collector current, ic, can no longer con- 
tinue to increase, and thus becomes a constant value; 
therefore, there is no longer ¢ voltage induced in the base 
winding, terminals 3 and 4, As a result, the magnetic field 
begins to collapse and induces a voltage across the winding 
which is of opposite polarity to the original voltage. At 
the some time, capacitor Cl starts to discharge th i 
resistor Kl and the base winding (terminals 3 ond 4), The 
discharge current of capacitor Cl produces a voltage drop 
across resistor A] which is of positive polarity at the nase 
of the transistor, thereby driving tre base in a positive 
direction to reduce the forward bios cf the base-emitter 
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at the sock-voltage pulse could exceed the breakdown volt- 
age of the transistor and cause damage to the transistor. 
Several modifications can be made to the basic circuit to 
further reduce the omplitude or to eliminate the undesirable 
back voitege. One such modification is to connect a clamp- 
ing diode across the collector winding {terminals 1 and 2) 
ot the transformer as shown on the circuit schematic by the 
lines connecting diode CR1. Siraileity, a clamping 
diote can pe connected across the output winding (terminals 

and &) as shown on the circuit schematic by the dotted 
V@S Connecting dioge CR2, to accomplish the same purpose. 
1 or CP2} is connected in the 
back-voltage pulse occurs 
@ short circuit across the associated 
e duration of the induced back- 
voltage pulse; at prevents tne application of cn exces- 
Sive voitage between the collector and emitter. 
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ation  besic free-anning prf generator. In this circuit 
Tesistor PI is retut to the negative terminal of the sup 
ply voltage, Resistor Rl not only limits the base cur- 
tent and estailishes the initial condition af forward bias, 
but ¢1so operates in conjunction with capacitor Cl to deter- 
mine the operating frequency of the blocking oscillator. 
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The circuit operation is essentially the same as that pre- 
viously described. 


OUTPUT 


Variation of Basic Free-Running PRF Generator 


FAILURE ANALYSIS, 

No Ourput. Voltage measurements should be made with 
an electronic voltmeter to determine whether the input volt- 
dge is present and whether the correct bias voltages are 
applied to the collector and base of the transistor. It is 
possible that the base-emitter junction may change resist- 
ance and thereby change the forward bias on the base; such 
a condition may cause thermal runaway with subsequent 
damage to the transistor. 

Any defect in transformer Tl, such as an open collector 
or base winding or shorted tums in any of the windings, will 
prevent the circuit from operating properly, since oscilla- 
tions depend upon regenerative feedback from the trans- 
former. A shorted load impedance, reflected to the collec- 
tor and base windings, may cause excessive losses which 
will prevent sustained oscillations. Note that if the output 
winding should open, the circuit will continue to opercte; 
however, no output will be obtained from the winding. 
Furthermore, if damping resistor R2 should open, the induced 

ck-voltage could exceed the voltage breakdown of the 
collector-emitter junctions and result in damage to the 
transistor. 

A shorted or open capacitor C] will prevent oscillations, 
since the regenerative action of the circuit depends upon the 
charge and discharge of Cl. Also, if resister Rl should 
open, the base-emitter current path will be broken and there- 
by prevent transistor operation, 

Where the basic oscillator circuit illustrated has been 
modified to include a clamping diode (CRI or CR2) across 
either the collects: winding ot the output winding, a defec- 
tive diode with a low front-to-back ratio may cause circuit 
losses and prevent oscillation. Furthermore, if damping 
istor R2 should decrease in value or if the load i 4 
drop to an extremely low value, oscillations 
occur because of induced circuit losses. 
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Reduced Output. The input supply voltage should be 
measured with an electronic voltmeter to determine whether 
the input voltage is the correct value. Voltayes at the col- 

lector and the base of the transistor should also be measured 
to determine whether they are within tolerances, ‘nere the 
basic oscillator circuit illustrated has been modified to in- 
clude a clamping diode across either the collector winding 
or the Output winding, or actoss each winding, 3 defective 
diode with low front-to-back ratio can cause circuit losses 
which can reduce the output. Moreover, if either clamping 
resistor R2 or the load impedance should decrease in value, 
the output amplitude will decrease. Note that if the circuit 
losses cre excessive, the circuit may not oscillate at all. 
Incorrect Frequency. The pulse-repetition frequency 
of the free-running blocking oscillator is determined by the 
R-C time constant of resistor Rl and capacitor Cl; any 
change in the values of these components will cause a 
change in operating frequency. Also, any change in the 
supply voltage will probably affect the pulse-repetition 
frequency and may affect the amplitude of the output pulse. 


TRIGGER BLOCKING OSCILLATORS. 


Semiconductor triggered blocking oscillators are exter- 
nally controlled blocking oscillators which produce output 
pulses that are synchronized by the input trigger (control) 
pulses. That is, the triggered blocking oscillator is not free 
to oscillate like the simple ftee-running prf generator, but 
instead, produces an output pulse only when an input (trig- 
ger) pulse is applied. 

The major difference between the triggered blocking os- 
cillator and the free-running blocking oscillator (described 
earlier in this section of the Handbook) .s the bias arrange- 
ment for the ansistor. In the free-running blocking oscil- 
lator, the base of the transistor is forward-biased, and the 
circuit produces output pulses at a rate determined by the 
values of resistance and capacitance (R-C time constant) in 
the base circuit. In the triggered blocking oscillator, how- 
ever, the base of the tran: S reverse-biased, and the 
circuit remains inactive until a trigger pulse initiates oper- 
ation. When a trigger pulse is applied, the circuit produces 


sues tebut olen 
an output pulse in x 


blocking oscillator, 
cent) state. 

Triqgered blocking oscillators may use the common- 
base, Common-emitter, or common-collector configuration, 
with either a PNP or an NPN type of transistor. However, 
a PNP transistor using the common-emitter configuration 
tepresents the most common usage because it combines ap- 
preciable gain with easily matched values of input and out- 
put impedance. 

Two types of semiconductor triggered blocking oscillator 
circuits are presently in general use: the Basic Blocking 
Oscillater and the Nonsaturating, Diode-Clamped Blocking 
Oscillator. The basic circuit may be used in some a - 


tions where bigh[reyuency operation is not required, and 


where the piise shafe is notaritical. Muwevet, ie uoi- 
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saturating, diode-clamped circuit is preferable for most 
applications because of its higher operating frequency and 
its better pulse shape. Each of these circuits is discussed 
in following paragraphs in this section of the Handbook. 


BASIC BLOCKING OSCILLATOR. 


APPLICATION. 

The basic triggered blocking oscillator is used to pro- 
duce synchronized, large-amplitude pulses for use as timing, 
trigger, or control pulses in radar equipment, television sets, 
and similar electronic switching devices. 


CHARACTERISTICS. 

Requites a negative input trigger pulse. 

Output pulse is a single cycle of oscillation (positive 
and negative alternations), 

Output-pulse-repetition frequency is determined by the 
input trigger frequency. 

Output-pulse width and rise time are determined primari- 
ly by the transformer inductance, capacitance, and resist- 
ance characteristics. 

Output-pulse polarity is determined by the transformer 
output (tertiary) winding phasing. 

Fixed, Class B (cutoff) bias is employed. 


CIRCUIT ANALYSIS. 

General. The basic blocking oscillator produces on out~ 
put pulse each time an input pulse is applied to activate the 
circuit. Between trigger pulses, the transistor remains cut 
off (non-conducting), and no output is produced until an in- 
put trigger pulse of sufficient amplitude to produce con- 
duction is again applied. The circuit produces one output 
pulse and then returns to the inactive (quiescent) state, 
awaiting the next trigger. 

Cirevit Operation. The accompanying circuit schematic 
illustrates a basic triggered blocking oscillator using a 
PNP transistor connected in the common-emitter configura- 
tion. 


Basic Blocking Oscillator 
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Transformer T] provides the regenerative feedback neces- 
sary between the collector and the base of transistor 1 

to obtain oscillation. The primary winding (terminals 1 and 
2) is connected in series with collector supply Vcc and the 
collector of transistor Q1. The secondary winding (ter- 
minals 3 and 4) supplies the feedback voltage, which is ap- 
plied to the base of transistor Q) through capacitor C2. 
Capacitor C2 is also a d-c blocking capacitor used to iso- 
late the base from the d-. shunting effect of the secondary 
winding of transformer Tl, preventing it from shorting to 
ground the fixed cutoff bias applied to transistor Q] through 
base resistor Rl. The negative input trigger is applied 
through coupling capacitor C1 to the base of transistor Ql, 
and the output pulse is taken from the tertiary winding (ter- 
minals 5 and 6) of transformer T]. 

The collector of transistor Q] is reverse-biased by the 
negative collector supply, Vcc; the positive base bias sup- 
ply, VBB, furnishes fixed reverse bias to the base of tran- 
sistor Q] through base resistor Rl. Thus, in the quiescent 
state with no input trigger applied, transistor Q\ is complete- 
ly reverse-biased and cannot conduct. Hence, no output 
is produced. 

When a negative trigger pulse, such as that shown at 
time t, on the accompanying waveform illustration, is applied 
through coupling capacitor Cl to the base of transistor QI, 
it forward-biases the transistor, causing collector current Ww 
to flow. Lf? 
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Theoretical Waveforms for Basic Blocking Oscillator 


The collector current, flowing from the collector supply 
through the collector (primary) winding of transformer T] to 
the transistor, causes a magnetic field to be built up around 
the collector (primary) winding of the transformer. This in- 
creasing magnetic field induces into the base winding of the 
transformer a voltage of such polarity that the potential on 
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terminals 3 of the winding is negative with respect to ground 
(terminal 4). This negative potential is applied to the base 
of transistor Q} (through capacitor C2), and increases the 
forward bias on the transistor, causing the collector current 
to increase further. As the collector current flowing through 
the coilector winding of wansformer Ti increases, the mag- 
netic field around the winding increases accordingly, induc- 
ing a larger voltage into the base winding of the tansform- 
er. The increasing induced voltage is fed back to the base 
of transistor Ql, causing the forward bias on the transistor, 
and hence the collector current, to increase still further. 
Thus, this regenerative feedback from the collector to the 
base of transistor Q] causes the collector current 

to continue to increase until the wansistor reaches suiuiu~ 
tion. When transistor Q] reaches collector-current satura~ 
tion (time t, on the waveform illustration), the collector cur- 
rent flowing through the collector winding of transformer T] 
can no longer increase. Therefore, the magnetic field 
around the collector winding no longer increases; conse- 
quently, no feedback voltage is induced into the secondary 
(base) winding of the wansformer, As a result, the voltage 
across the base winding of transformer T} decays at a rate 
determined by the inductance, capacitance, and resistance 
values of the transformer, causing the negative voltage on 
the base of transistor Q] to decrease accordingly. At the 
same time, the decreasing voltage actoss the base winding 
of transformer T) also induces into the collector winding a 
voltage of such polarity that it aids {adds to) the collector- 
supply voltage, effectively increasing the value of the col- 
lector-supply voltage. The ettectively increased col- 
lector-supply voltage raises the saturation point of the tran- 
sistor; consequently, the collector current increases slight- 
ly above the previous saturation value. When the voltage 
across the base winding of transformer T] decays to zero 
(time t, on the waveform illustration), no further forward 
tias is applied through capacitor C2 to the base of tran- 
sistor Q1, and the transistor ceases to conduct. Since no 
further forward bias is supplied, the base bias supply re- 
sumes control and applied a positive bias voltage through 
resistor R] to the base of transistor Q1, reverse-biasing the 
transistor and holding it below cutoff until the next trigger 
pulse is applied. Meanwhile, as the transistor decreases 

in conduction from saturation to cutoti (at ume ty) the col- 
lector current flowing through the collector winding of trans- 
former T] decreases to zero, and the magnetic tield around 
the winding collapses. This collapsing held induces into 
the collector winding « voltage of such polarity that it tends 
16 keep current flowing in the same direction as the original 
current flow (that is, the induced voltage aids the ccllector- 
supply vollage), The result of adding these vattages is 
that the voltage on the collector of transistor Qi momentar- 
ily becomes much more negative than the negative collector- 
supply value. This large negative voltage pulse is called 
overshoot (point A on the collector-voltage waveform). As 
the magnetic field around the collector winding of tansform- 
er ‘I'l collapses compietely, the induced vuliuye (overshoot) 
also decreases to zero, and the collector voitage returns to 
the quiescent value. 
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Any change of current in the collector winding of trans- 
former T] also induces a changing voltage into the tertiary, 
of output, winding of the transformer. The polarity of the 
output pulse is determined by which terminal of the output 
winding is grounded. As shown in the circuit schematic, 
terminal 6 is giounded, and a positive cutput pulse results 
(a negative output pulse would be obtained if terminal 5 were 
grounded instead). 


FAILURE ANALYSIS. 

General. When making voltage checks, use a vacuum- 
tube voltmeter to avoid the low values of multiplier resist- 
ance employed on the low-voltage ranges of the standard 
26,00G-chms-per-volt meter. Be careful also to observe pro- 
per polarity when checking continuity with an chmmeter, 
since a forwatd bias applied through any of the transistor 
junctions will cause a false low-resistance reading. 

No Output. A no-output condition may be caused by an 
improper input trigger, a lack of supply voltage, ot a defec- 
tive circuit component. First, use an oscilloscope to ob- 
serve the input trigger voltage waveform. Compare the ob- 
setved waveform with one shown in the equipment instruction 
book to be certain that the proper input trigger is applied. 
Next, use a vacuum-tube voltmeter to measure the supply 
voltage and eliminate the possibility of a defective power 
supply. If the correct input trigger is applied and the normal 
supply voltage is present, further checks must be made to 
locate the defective component. Use an in-circuit capaci- 
tor checker to check capacitors C] and CZ for oper: 
leakage, and an ohmmeter to check resistor Ri and trans- 
former T] for continuity and proper resistance value. If 
these checks fail to locate a defective component, transis- 
tor Q} is probably at fault. Replace it with a transistor 
known to be good. 

Low or Distorted Output. Low supply voltage, a defec- 
tive transistor (Q1), or a defective transformer (T]} may 
cause either low-amplitude or distorted output pulses. Meas- 
ure the supply voltage with a vacuum-tube voltmeter. if the 
normal value of voltage is measured, the trouble is in the 
cking oscillator and not in the power supply. Transistor 
Q1 and transformer T] are both best checked by the substi- 
tion of parts known to be good. If first replacing transistor 
©} does not remedy the trouble, transformer T1 is probably 


defective and should be replaced, 


NONSATURATING, DIODE-CLAMPED BLOCKING 
OSCILLATOR. 


APPLICATION. 

The nonsaturating, divde-clamped blocking oseiilatar 
is used to produce synchronized, large-amplitude pulses 
for use as timing or synchronizing pulses in radar, com- 


tiunications, and data pro: 


CHARACTERISTICS. 
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Output-pulse repetition frequency is determined by the 
input trigger frequency. 

Output-pulse width and rise time are determined primar- 
ily by the transformer inductance, capacitance, and resist- 
ance characteristics. 

Output-pulse polarity is determined by the transformer 
output (tertiary) winding phasing. 

Fixed, class B (cutoff) bias is employed. 


CIRCUIT ANALYSIS. 

General. The nonsaturating, diode-clamped blocking 
oscillator produces one output pulse each time a trigger 
pulse is applied to activate the circuit. Between trigger 
pulses the circuit remains in the inactive (quiescent) state, 
and no output is produced. The operation of the nonsaturat- 
ing, diode-clamped blocking oscillator is similar to that 
of other types of blocking oscillators except that in this 
circuit, diode clamping is employed to prevent transistor 
saturation and to eliminate the normal overshoot which is 
present in the output of other types of blocking oscillators. 

Circuit Operation. The accompanying circuit schematic 
illustrates a nonsaturating, diode-clamped blocking os~ 
cillator using a PNP transistor connected in the common- 
emitter configuration. 


Non saturating, Diode-Clamped Blocking Oscillator 


Transformer T] provides the regenerative feedback neces- 
sary between the collector and the base of transistor Ql to 
obtain oscillation. The primary winding (terminals | and 2) 
is connected in series with the collector supply (made up 
of Vcc, and Vec,) and the collector of transistor Ql. The 
secondary winding (terminals 3 and 4) is connected from 
ground to the base of transistor Q] through dc blocking 
Capacitor C2, This capacitor prevents the base (secondary) 
winding of the transformer from acting as a d-c shunt to 
ground for the fixed cutoff bias applied to transistor QL 
through base resistor RK]. Clamping diodes CR] and CR2 
limit the collector voltage swing, and prevent transistor 
Saturation and overshoot in the output pulse. The negative 
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input trigger is applied through coupling capacitor C] to the 
base of transistor Q], and the output pulse is taken from the 
tertiary or output winding (terminals 5 and 6) of transformer 
Tl. 

The collector of transistor Q] is reverse-biased by the 
combined negative voltage of Voc, and Vcc,. The base 
of transistor Q] is reverse-biased by the positive voltage 
applied from the bias supply (VBB) through base resistor 
Rl. Thus, in the quiescent state with no input applied 
transistor Q] is completely reverse-biased and cannot con- 
duct. Diode CR] is reverse-biased by VCC, which is con- 
nected across the diode through the collector (primary) 
winding of transformer T], diode CR2 has no bias applied 
because there is no current flow through the collector wind- 
ing of transformer Tl, and hence no voltage drop occurs it 
to bias diode CR2. Consequently, neither diode conducts 
while the circuit is in the quiescent state. 

When a negative tigger pulse (such as that shown at 
time t, on the accompanying waveform illustration) is applied 
through coupling capacitor Cl to the base of transistor Ql, 
it forward-biases the transistor, causing collector current 
to begin to flow. 
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Theoretical Waveforms for Nonsaturating, 
Diode-Clamped Blocking Oscillator 


The collector current flowing from Vee, through the col- 
lector winding of transformer T] to the transistor causes a 
magnetic field to be built up around the collector winding, 
The increasing magnetic field induces inte the base wind- 
ing of the transformer a voltage of such polarity that the 
potential on terminal 3 of the winding is negative with re- 
Spect to ground (terminal 4). This negative potentiul is ap- 
plied through capacitor C2 to the base of transistor Qh it 
increases the forward bias on the transistor and causes the 
collector current to further inctease. As the collector cur- 
tent flowing through the primary (collector) winding of trans- 
former T} increases, the magnetic field around the winding 
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ELECTRONIC CIRCUITS NAVSHIPS 
increases accordingly and induces 9 larger voltage into the 
base winding of the transformer. This increasing indi 
voltage is fed back to the base of transistor Q}, increasing 
‘ward bias and causing the collector current fo in- 
crease stil! further. Thus, the regenerative feedback from 
the collector to the base of transistor Qi ca 
lector current to continue to inctease€ once the input trigger 
pulse starts current flowing. As the collector current in- 
creases the voltage on the collector of transistor Q! de- 
creases from the negative (cutoff) value of Vcc, to the less 
negative value of VEC, (ume t, on the waveform illustra- 
tion}. When the collector voltage becomes less negative 
than the value of VCC, divde CPi becomes forwuid+ a 
and conducts. Since the forward-biased (conducting) diode 
has a very low resistance, the voltage drop across itis 
negligible and the voltage on the collector of transistor Ql 
is held equal to the negative value of Vec,. Thus, diode 
CR] clamps the collector yoltage to the negative value of 
Veo; in other words, it prevents the collector voltage from 
becoming less negauve (more positive } than VCC,. Conse- 
quently, the collector current flowing through the collector 
winding of tronstormer Tl, increases, aS 0 result of the re- 
generative feedback, until the collector voltage drops to the 
volue of VCC. At this time, diode CRI begins to conduct 

and shunts any additional collector current flow around the 
collector winding of the transformer. Since there is no 

longer & increasing current flow in the collector winding of 
transformer Tl, the magnetic field around the winding ceases 
to increase and no further voltage 1s induced into the base 
winding. Since no further induced voltage is present, the 
voltage across the base winding of transformer T] decays at 

a rate determined by the inductance, capacitance, and te- 
sistance values of the transformer. When the voltage octoss 
the base winding of the transformer decays to zero (time ts 

on the waveform illustration), no further forward bias is 
applied to the base of transistor Ql] and the transistor 

ceases to conduct. The base bias supply (VBB) again fur- 
nishes reverse pias to the base of transistor Ql to hold the 
transistor orbelow cutoff until the next input trigger 1S applied. 
Meanwhile, a5 the collector current flow through the coi- 
lector winding ‘of transformer T] decreases tc Zero, the 
magnetic field around the winding collapses; this induces 

into the collector winding o voltage of such polarity that it 
tends tc keep current flowing 17 the direction of the origine! 
collector current flow. The induced voltege forward-biases 
diode CR2, and the diode conducts, allowing the induced 
current to flow through it. Thus, diode CR2 effectively 
shorts cut the voltage induced into the cullectur wind 
transformer Tl. and prevents it from having any eliect on 
nder of the circult. Consequently, a5 the col- 

maximum to 2€Ic, the collec- 


lector 

tor voltage increases in the negative direction trom the nega- 
tive value of VCC: © the more negative yalue of VCCz and 
the circuit returns to the quiescent stute. 

age in current in the collector winding of tans- 
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minal of the cutput winding. As shown in the circuit sche- 
matic, terminal 6 is grounded. Therefore, in this case, ¢ 
positive output pulse results (for a negative output pulse, 
terminal 5 is grounded instead). 


FAILURE ANALYSIS. 

General. Whes making voltage checks, use a vacuume 
tube voltmeter to avoid the low values of multiplier resist- 
ance employed on the low-voltage ranges of the standard 
20,000-chms-per-volt meter. Be careful to observe proper 
polarity when checking continuity with an ohmmeter, since 
a forward bias through any of the transistor junctions will 
cause a false low-resistance reading. 

No Output. A AGDUEL CONSLION RAY: be caused by an 
improper input trigger, 4 lack of supply voltage, of 2 delete 
tive circuit component. First, use an oscilloscope to ob- 
serve the input trigger voltage waveform, and compare it 
with the one shown 18 the equip! instruction book to 
determine whether the proper input trigger is applied. Next, 
use a vacuum-tube voltmeter to measute the supply voltage 
and eliminate the possibility of a defective power supply. 
If the proper input trigget 1S applied and the normal supply 
voltage is present, further checks must be made to locate 
the defective circuit component. Use an in-circuit capaci- 
tor checker to check capacitors C] and C2 for open circuits 
and leakage. Use on ohmmeter to check resistor R} and 
transformer T! for continuity and proper resistance value. 
Also use the ohmmeter as ¢ diode tester, to check the for- 
ward and reverse resistance of diodes CR1 and CR2- I 
these checks fail to locate a defective component, qransistor 
Q) is probably at foult and should be replaced with o tran- 
sistor known to be good. 

Low or Distorted Output. Low supply voltage, a defec- 
tive diode (CR] of CR2), a defective transistor (Ql) of 2 
faulty transformer (T1) may cause either low-amplitude or 
distorted output pulses. Measure the supply voltage with a 
yacuum-tube voltmeter to be certain that the power supply 
is not at fault. If the normal supply voltage 15 present, use 
an ohmmeter ot diode tester to check diodes CRI and CR2 
for an adequate front-to-back Tatio. If neither diode is 
detective, the fault is probably in either transistor Q] of 
transformer Tl. Both the transistor and the transformer are 
best checked by substitution with parts known to be good. 
If first replacing transistor Qi does not remedy the trouble, 
transtomer Ti is probably detective and should be replaced. 
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